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ABSTRACT
Productivity has for many years been an issue for the construction industry in
Singapore. The industry is deeply concerned that construction productivity is not only
below that of the manufacturing sector, but is also below the national average. The
industry has identified several factors that have impeded construction productivity,
namely, a shortage of suitably trained, skilled supervisors and workers; a weakening
local construction workforce; and a large, mostly unskilled and transient pool of
foreign workers.
The main objective of the research programme was to assist contractors improve their
site productivity performance. A three-pronged approach was adopted, comprising a
review of current construction productivity issues affecting the Singapore construction
industry; a survey of top civil engineering and building contractors to understand their
perceptions on productivity; and a study of measurement techniques of site
productivity for on-going building projects.
The first phase of the research programme comprised a comprehensive study of
construction productivity issues in the Singapore context, followed by an extensive
questionnaire survey. The objective of the survey was to identify the perceptions of
senior management of large civil engineering and building contractors with regard to:
factors that would improve construction productivity; and problems encountered at
construction sites. This phase of the research resulted in several recommendations to
be made to industry in order to improve construction productivity. These
recommendations included the recruitment and training of a new generation of skilled
local workers; continuous upgrading of management and technical skills of supervisory
staff; the study of long-term viability of construction automation processes; promotion
of buildable designs; and extensive use of prefabrication to replace labour intensive
operations.
The second phase of the research comprised a study of productivity measurement
techniques for various on-going building projects in Singapore. Two areas were
investigated, namely: measurement of overall site productivity of projects on a monthly
basis; and measurement of labour productivity of formwork, reinforcement and
concreting operations. A prescribed productivity equation was used for measuring
overall productivity, and data included monthly site manpower and monthly progress
payments certified by the project consultants. Three categorises of building projects
were investigated, namely commercial buildings, public residential buildings and
private residential buildings.
The findings of the research revealed that public housing projects, being simpler to
construct, had higher productivity levels as compared to the other two categories of
buildings. Research showed that for individual projects, the monthly productivity
figures depended on the value of work done for the month. The productivity figures
for commercial and private residential projects, were directly proportional to the
architectural manpower used. An increase in architectural manpower would mean
more activity in the high cost value architectural works which would increase the
productivity figures by pushing up the monthly progress payments. It was also
observed that productivity figures were generally lower at the start of the projects, due
to the learning curve effect and the fact that manpower needed was mainly for
structural works, which had a lower cost value than the architectural works.
In the productivity studies of formwork, reinforcement and concreting operations, the
research aimed to measure the manpower needed for each of the above trades in order
to complete individual typical floors of selected buildings. This would enable a
comparison of productivity figures on a floor to floor basis for each of the above three
structural trades. The second phase of the research confirmed that it is possible for
contractors to monitor site productivity of current building projects, study the
variations in monthly productivity values and compare productivity performance of
various projects within the same building category as well as for different categories.
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CHAPTER 1
INTRODUCTION
1.1 OVERVIEW TO CONSTRUCTION PRODUCTIVITY
The construction industry frequently constitutes about ten per cent of the Gross
Domestic Product, with the figure likely to be higher in developing than developed
countries. Although most developing countries tend to adopt the manufacturing
industry as the sector for stimulating employment and creating job opportunities,
they still place importance on the construction industry for supporting economic
development.
Unlike several other industries, the level of technology in the construction industry
has remained relatively unchanged over several decades. The lower pace of
technological development in construction places the industry at a disadvantage
when compared with other industries where enhanced productivity is achieved
through the use of modern technology. As the construction industry is a diverse
sector of the national economy which involves a wide range of scarce resources, its
productivity is therefore not only concerned with many individual activities, but the
industry as a whole.
The issue of raising the level of construction productivity h'as been discussed time
and again. There are many fundamental and wide-ranging topics that need detailed
discussion before the industry can improve its status. Such issues have included:
• the impact of raising productivity;
• the factors that affect productivity;
• the need for productivity measurement; and
• the methods of measuring productivity.
The impact of raising productivity can be identified by the following:
• positive influence on people, capital, equipment and materials;
• inc ease in competitiveness;
• in rease in profitability;
• increase in market sales; and
• decrease in unit cost.
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There are many factors that affect productivity, and these include:
• quality of the workforce;
• type of management;
• complexity of project;
• quality of finished work;
• motivation of workforce;
• degree of mechanisation;
• type of contract used;
• weather;
• buildability; and
• type of construction techniques.
Identification of the factors that affect construction productivity could place the
industry in a better position to take up the issues and find ways to improve it. In
addition to presenting solutions to overcome problems affecting productivity, the
issues cannot be fully understood and resolved until the industry is able to identify
ways of measuring productivity. The industry knows that measurement is needed to
judge whether productivity has improved, and if so, by what extent. Productivity
measurement is therefore necessary to:
• provide management with an effective means of directing and controlling the
productivity performance of a company;
• offer feedback to employees on their productivity performance;
• generate a system for sharing the gains of higher productivity; and
• compare the performance of the company with that of its competitors or related
companies.
Productivity measurement is a complex issue and there is no universal formula to
measure it under all conditions. Indeed, there still exist operational areas in industry
where the methods of measuring productivity have yet to be established. A proper
productivity measuring system must have these characteristics:
• be simple and easily understood;
• be usable at various levels of organisations; and
• possess a sound database structure and permit tracking over time.
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The broad issues of construction productivity and the methods of productivity
measurement are to be addressed in this thesis.
1.2 JUSTIFICATION OF THE RESEARCH
Productivity is a widely discussed topic in the Singapore construction industry.
Contractors aspire to raise the level of construction productivity, enhance the image
of the industry and reduce the number of foreign construction workers in the
country, which now exceeds 80 per cent of the total 166,000 people employed in
the sector in 1994 (Construction Industry Development Board, 1994b, 1995b).
First in the list of priorities is the need to gauge the perceptions of Singapore
contractors on construction productivity. This is necessary to raise the level of
understanding of productivity matters in Singapore, so that attention and efforts can
be directed towards achieving higher productivity. In order to understand issues on
productivity, Singapore's National Productivity Board (1983) conducted a nation-
wide survey of manufacturing companies in 1983 to establish the factors that
affected productivity. The National Productivity Board subsequently presented its
findings in a publication entitled "Survey of factors affecting Productivity in the
Manufacturing Sector". As for the construction industry, there is also a need to
conduct a survey of a similar nature, directed at Civil Engineering and Building
Contractors in Singapore.
Another important issue in construction productivity relates to methods to be
adopted by the industry for measuring productivity levels. At present, there are no
universally adopted procedures and contractors will, if the need arises, utilise
methods that are developed in-house, for the purpose of measuring productivity.
Although the Construction Industry Development Board (1994a, 1995a) has
published overall productivity data for various categories of buildings in Singapore,
it is prudent for researchers to identify individual building projects and examine in
detail their overall monthly productivity figures in relation to manpower and other
available site data.
Presently, there are also no prescribed methods available for measuring the
productivity of individual trades in building projects. For example, there is no
published data in Singapore on the possible range of productivity figures for
structural trades. A search of many local sources also failed to reveal a method of
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measuring formwork, reinforcement and concreting operations. It is therefore
timely for researchers to deliver proposals for measuring both overall construction
productivity levels as well as individual structural trades. Researchers can also
proceed to make detailed studies and purpose methods for measuring productivity
of other trades such as architectural works and building services. This present
research programme, due to its limited time frame, cannot undertake the study of
productivity measurement for all the major building trades, but will be restricted to
a detailed study of overall building productivity and that of structural works.
1.3 RESEARCH AIMS
Against the above background, the objectives of this research can be listed as
follows:
(i) to survey Singapore contractors in order to enable a thorough awareness of
their perceptions on issues pertaining to construction productivity;
(ii) to gather manpower and other related data from various construction sites
in Singapore for the purpose of formulating a mechanism for measuring the
overall construction productivity of building projects; and
(iii) to gather manpower data and material quantities for structural works of
various building projects for the purpose of establishing a system of
measuring the productivity of formwork, reinforcement and concreting
operations.
1.4 SUMMARY OF RESEARCH METHODOLOGY
Details of the research methodology are presented in Chapter 4. In brief, the
research methodology can be summed up as follows:
• literature review of books, journals and conference papers on various aspects of
construction productivity, both globally and in Singapore;
• a postal survey of top construction companies in Singapore to evaluate the
perceptions of local contractors on issues affecting construction productivity;
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• gathering of manpower data and other information for the purpose of measuring
overall construction productivity of building projects in Singapore;
• gathering of manpower data and material quantities from selected construction
sites for the purpose of evaluating the productivity of formwork, reinforcement
and concreting operations in building projects;
• verifying and checking all data received for correctness and analysing the
information obtained;
• presenting all data and analysis through tables and graphs;
• dialogue with contractors on validity and usefulness of data obtained;
• conclusions and recommendations for future research work related to
construction productivity.
1.5 OUTLINE OF THESIS
Chapter One of this thesis serves as an introduction to the research. This chapter
discusses the issues of raising construction productivity, the significance and the
objectives of the research, a summary of the research methodology and an outline of
the research findings.
Chapter Two reviews the productivity concept and the factors that affect
productivity and also summarises various labour productivity measurement
techniques adopted by many researchers worldwide.
Issues pertaining to construction productivity in Singapore are focused in Chapter
Three. This chapter commences with an overview of the Singapore economy and
the country's construction industry, followed by productivity issues encountered by
the industry.
The survey questionnaire which was conducted in order to evaluate the perceptions
of contractors on issues pertaining to construction productivity in Singapore are
presented in Chapter Four. It also discusses the data collection procedure adopted
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by the author for the purpose of measuring overall construction productivity and the
productivity of structural works of building projects.
Chapters Five and Six present the results and the analysis of the survey
questionnaire. The responses to the questionnaires are discussed together with the
ranking and importance indices of the list of factors that affect productivity.
Chapter Seven presents the data and analysis of productivity figures in conjunction
with the measurement of overall construction productivity of building projects. The
data collected are for on-going commercial and residential projects in Singapore.
The monthly variations of productivity figures for individual projects and variations
of values amongst projects are also discussed.
Labour productivity of the three main structural trades, namely formwork,
reinforcement and concreting operations are discussed in Chapter Eight. This
chapter also highlights productivity measurement techniques for the above trades
through studies executed on a few local on-going building projects.
Chapter Nine describes in detail a case study involving a residential project
comprising a cluster of high-rise buildings in Singapore. The productivity
measurement concepts developed in Chapters Seven and Eight are used for the
above case study in order to complete this doctoral research programme.
The conclusions of this research and recommendations for further research on
construction productivity measurements are presented in Chapter Ten.
The final thesis layout, as outlined in the above ten chapters, is shown in Figure 1.1.
1.6 SUMMARY OF RESEARCH FINDINGS
The first part of this research programme revealed several issues that have impeded
construction productivity in Singapore, namely:
• a shortage of suitably trained, skilled supervisors and workers in the
construction industry;
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• a weakening local construction workforce, with job seekers staying away from
the construction sector; and
• a large, mostly unskilled and transient pool of foreign workers.
The following recommendations are made to the industry with the aim of raising its
productivity:
• recruit and train a new generation of skilled local workers;
• continuously upgrade the management and technical skills of supervisory staff;
• study the long-term scope and viability of automation and semi-automation of
the construction process;
• develop and promote buildable designs; and
• start a large scale standardisation drive to apply prefabrication to replace labour-
intensive operations.
The second part of the research programme concentrated on the measurement and
analysis of productivity in building construction. This research has firmly
established that the overall construction productivity of on-going building projects
can be reliably measured by using a simple productivity equation developed by the
Construction Industry Development Board. The input into this equation comprises
gross floor area of the building, the total contract sum, monthly progress payments
certified by the project consultants and monthly manpower utilised on site.
It has been demonstrated that the monthly productivity of individual projects can
vary considerably and productivity values are:
• generally low during the start of projects due to the learning curve effect; and
• generally high during the months when there is an increase in architectural
works, which bring about higher progress payments.
This research also concludes that the productivity values of public residential
projects are higher than those of private residential and commercial projects as the
first group of projects are more buildable.
In addition to recommendations for measuring overall productivity, techniques for
measuring the productivity of the three main structural trades, namely formwork,
reinforcement and concreting operations of buildings under construction were also
developed.
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CHAPTER 2
REVIEW OF PRODUCTIVITY
MEASUREMENT SYSTEMS
2.1 PRODUCTIVITY CONCEPT
In simple terms, productivity can be expressed as the relationship between the
output generated from a system and the input used to create output. Inputs
generally refer to labour, capital, energy and materials which are brought into a
system. These resources are transformed into outputs, i.e. goods and services.
There are more basic forms of productivity, namely:
• total productivity (sometimes known as total factor productivity); and
• partial productivity (sometimes called partial factor productivity).
Total productivity is the ratio of total output to all input factors. Partial
productivity is the ratio of total output to one class of input, e.g. labour productivity
is a partial productivity measure.
Total productivity
Partial productivity —
Labour productivity =
Examples
Total Output 
Total Input
Total Output
Partial Input
Labour (trade) Output
Labour (trade) Input
Labour is by far the most common form of input used in measuring productivity.
One simple reason is that labour inputs are measured more easily than certain other
types of inputs.
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Eilon et al (1976) stated that the major difficulties in applying the above simple
productivity equations centre around:
• measuring output, especially with regard to changes with time in the sizes and
types of individual products;
• measuring inputs and accounting for the great diversity in types of materials,
facilities and equipment needed as well as the multiplicity of labour skills to be
encompassed;
• determining which particular input-output comparisons are most relevant in
evaluating the performance of various operations of concern to management;
and
• interpreting productivity figures in order to differentiate between the influences
of internal and external factors.
In spite of the difficulties encountered in measuring productivity both industrialists
and researchers alike believe in the advantages that it can bring. Eilon et al (1976)
gave four reasons as to why it is necessary to measure productivity:
• for strategic purposes, in order to compare the performance of the firm with
that of its competitors or related firms, both in terms of aggregate results and in
terms of major components of performance;
• for tactical purposes, to enable management to control the performance of the
firm by identifying the comparative performance of individual sectors of the
firm, either by function or by product;
• for planning purposes, to compare the relative benefits accruing from the use of
different inputs, or varying proportions of the same inputs, currently and over
longer periods, as the basis for considering alternative adjustments over future
periods; and
• for other management purposes, such as collective bargaining with trade
unions.
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2.2 THE COMPLIMENTARY ROLES OF PRODUCTIVITY AND
QUALITY
2.2.1 Overview
Productivity is often wrongly defined as merely producing more and at a faster rate,
without concern for quality. This incorrect definition could well lead to the belief
that taking care of quality will slow down work pace and hence reduce output.
Such a misconception disappears when productivity is correctly defined as
"producing better" and not necessary "producing more". High quality work will
result in better output, fewer rejects, less rework, less wastage, lower cost and
hence, higher productivity. Quality and productivity thus complement each other.
Some people think that quality and productivity, like many other technical concepts,
is only relevant for production activities and the manufacturing sector. However,
many case studies of successful companies show that quality and productivity
improvement are equally important in other sectors of the economy, such as in
finance, in the service sector and in construction. They apply to all sectors,
organisations, work processes and employees.
Many authors have linked productivity very closely to quality and quality
management. Edosomwan (1987) defined productivity and quality management as
an integrated process involving both management and employees with the ultimate
goal of managing the design, development, production and use of various types of
products or services in both the work environment and market place.
Edosomwan (1987) went further to elaborate on the benefits brought about by the
management of productivity and quality:
• Productivity and quality management enable the consumer to pay low prices for
goods and services because the cost of production is reduced owing to reduced
rework and gains in productivity.
• Productivity and quality management enable the effective utilisation of
resources. More goods and services are produced for a reasonable amount of
expended resources.
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• Productivity and quality management provide the basis for higher real earnings
for employees. The reduction in the cost of production of goods and services
can allow increases in wages without significantly offsetting gains in total
productivity.
• Productivity and quality management components (planning and analysis,
measurement, evaluation and control, and improvement and monitoring)
provide an organisation with the strength to deal with internal operating
weakness and external competition.
• Productivity and quality management enable an organisation to be more
profitable because quality improvement results in reduced rework, reduction in
scrap, better utilisation of tools and equipment, and less work in process
inventory, which in turn leads to higher productivity.
• Productivity and quality management enable the public to realise greater social
benefits through increased public revenues from organisations.
2.2.2 Basics of Total Quality Management
Industries worldwide have now moved on from quality control to quality
management and to Total Quality Management (TQM). Peratec Limited (1994), in
its executive briefing on "Total Quality Management: The key to business
improvement", defined TQM as a philosophy of management that strives to make
the best use of all available resources and opportunities by constant improvement.
Total Quality Management is the key business improvement strategy and the key
management issue of the future because it is essential for efficiency and
competitiveness.
Besterfield et al (1995) defined TQM as both a philosophy and set of guiding
principles that represent the foundation of a continuously improving organisation.
It is the application of quantitative methods and human resources to improve all the
processes within an organisation and exceeds present and future customer needs.
Besterfield et al stressed that TQM integrates fundamental management techniques,
existing improvement efforts and technical tools under a disciplined approach. They
elaborated that the purpose of TQM is to provide a quality product to customers,
which will, in turn, increase productivity and lower cost. With a higher quality
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produce and lower price, competitive position in the marketplace will be enhanced.
This series of events will allow the organisation to achieve the business objectives of
profit and growth with greater ease. In addition, the work force will have job
security, which will create a satisfying place to work.
Finally, Besterfield et al cautioned that TQM does not occur overnight and there are
no quick remedies. It takes a long time to build the appropriate emphasis and
techniques into the culture. They stressed that overemphasis on short-term results
and profits must be set aside so that long-term planning and constancy of purpose
will prevail.
The pioneers in the field of Quality are Dr William Edwards Deming and Dr Joseph
Juran. Dr Deming has achieved world-class recognition for his contributions to
quality improvement. He has identified the customer as "the most important part of
the production line. It will not suffice to have customers that are merely satisfied;
customers that are delighted with your products and services will return again and
bring new business with them". Dr Juran is renowned as a world-class expert for
his contribution to quality improvement. His quality strategies are summed up by
the quality trilogy: quality planning, quality control and quality improvement.
Looking at these basic quality processes, the first is quality planning, i.e. preparing
to meet quality goals. The key points are as follows:
• Identify the customers, both external and internal.
• Determine customer needs.
• Develop product features that respond to customer needs (products include
both goods and services).
• Establish quality goals that meet the needs of customers and suppliers alike, and
do so at a minimum combined cost.
• Develop a process that can produce the product features needed.
• Prove process capability: prove that the process can meet the quality goals
under operating conditions.
The second basic process is quality control, which is the means of meeting the
quality objectives. This revolves around the following actions:
• Choose control subjects, deciding what to control.
• Choose units of measurement.
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• Establish measurement.
• Establish standards of performance.
• Measure actual performance.
• Interpret the difference (actual versus standard).
• Take action on the difference.
The final process is that of improvement, breaking through to new levels of
performance. The methodologies for this process are:
• Prove the need for improvement.
• Identify specific projects for improvement.
• Organise to guide the project.
• Organise for diagnosis - discovery of causes.
• Diagnose to find the causes.
• Provide remedies.
• Prove that the remedies are effective under operating conditions.
• Provide for control to hold the gains.
2.2.3 Perception of Quality in Singapore
Singapore companies were first formally introduced to quality in the early 1960's
when multi-national corporations brought along quality control techniques
(National Productivity Board, Singapore, 1991a). In 1973, product quality was
given an important status, with the setting up of the Singapore Institute of
Standards and Industrial Research (SISlR). Quality was intensely promoted in
1985 and 1987 when the National Productivity Board chose to use it as the theme
for Singapore's productivity campaigns.
The 1987 Productivity Attitudes Survey conducted by the National Productivity
Board showed that less than 20 per cent of the Singapore workforce related
productivity to quality. In fact, fifty per cent of the survey respondents related
productivity to quantity instead of quality. This tendency to think of productivity as
producing more rather than producing better was equally prevalent amongst
managers, supervisors and workers. However, the same survey conducted two
years later in 1989, showed that the Singapore workforce had become more aware
of the productivity - quality link. Ninety-two per cent of the respondents related
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productivity to better quality output of products and services, while 87 per cent
related it to achievement of higher output.
Having acknowledged the close links between quality and productivity, it is
important to note that while this research programme only concentrates on
productivity, this topic must not be dealt with in isolation. Although "quality" will
take a back seat in the rest of this research programme, it is important to stress
again that quality and productivity are in fact just two sides of the same coin.
2.3 FACTORS AFFECTING PRODUCTIVITY
Productivity issues are complex and involve many factors. Researchers have
identified various factors that affect the overall productivity of an industry or a
country. Lawlor (1985) identified eight factors that have the greatest bearing on
productivity, as shown in Figure 2.1. These factors are elaborated as follows:
• economic climate: this includes the buoyancy of world trade, fluctuations in
interest and exchange rates and the price of energy and raw materials;
• markets: these exhibit characteristics of growth alongside stagnation, where the
right balance of price, quality and delivery is essential for survival;
• change: this is the rate of technical, social and economic change that has to be
understood and managed;
• organisations: a climate and structure have to be created which enable people
to adjust to the external rate of change and meet the new standards of
productivity;
• people: the attitudes, values and beliefs of people working in organisations
have to be respected if their commitment to change is to be gained together with
the achievements of new standards of performance;
• rewards: the necessary improvements in performance must be rewarded in both
financial and psychological terms;
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variable.
(ii)	 Factors 4 to 8 are internal variables and should therefore be within the
control of the organisation.
Figure 2.1: Focusing Productivity [Source: Lawlor (1985)]
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• information: productivity improvement depends upon a good information
system which must be relevant, simple and credible, have an impact on people
and be available at the right time;
• technology: the most up-to-date technology will be ineffective if the other seven
factors are overlooked. Equally, technology should embrace design, methods,
systems and appropriate techniques.
Lam (1987), writing for the National Productivity Board, Singapore, stated that the
two main factors affecting productivity are capital productivity and manpower
productivity, each of which is influenced by several variables. Lam also identified
six major factors that determine manpower productivity:
• work attitudes, such as the willingness to accept job enlargement and to work as
a team;
• level of skills, which is determined by education, management training and
supervision;
• labour-management relations, which refer to the joint effort by management and
labour to increase productivity through schemes such as quality control circles
and work excellence committees;
• productivity management, that is, the efficient management of resources and
work systems to achieve productivity improvement;
• manpower efficiency, such as manpower planning and job enlargement; and
• enterpreneurship, which refers to risk taking, creativity in business and being in
the right line of business.
Capital productivity, on the other hand, is determined by:
• machines (the hardware inputs), covering mechanisation, automation,
computerisation and robotisation; and
• technology (the software inputs), including research and development and
product technology.
Manpower productivity and capital productivity are in turn affected by
environmental factors, which may be classified as:
• internal factors, e.g. infrastructure, fiscal, monetary and wage policy, political
and economic stability; and
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• external factors, such as protection policies of other countries and the
productivity drive in competitive nations.
2.4 THE NEED FOR PRODUCTIVITY IMPROVEMENT
In the modern-day competition amongst companies, industries and nations, it is
insufficient to only understand the factors that affect productivity. There is a strong
need to learn about productivity improvement in order to cope with all round
competition. Borcherding (1976), Borcherding et al (1980), Koch and
Moavenzadeh (1979), Maloney (1983), Arditi (1985), Laufer (1985) and Koehn
and Caplan (1987) have identified methods for productivity improvement.
Borcherding (1976) discussed productivity improvements in industrial construction
in the United States. He also examined recommendations for solving productivity
problems by improving the motivation of craftsmen on large projects. Koch and
Moavenzadeh (1979) discussed the role of technology in the construction industry
and its influence on productivity and project cost. They studied the highway sector
of the construction industry in the United States and further identified and
quantified the magnitude and nature of technology and productivity changes that
had occurred over the past fifty years. These two researchers stressed that
productivity studies are also needed in other sectors of the construction industry
where technology changes have occurred.
Maloney (1983) studied the influence of labour on productivity improvement. He
stressed that labour has a significant influence on construction productivity and the
level of productivity is a result of the driving, induced and restraining forces acting
upon workers. Maloney presented a framework for analysing the influence of each
of these forces on four major labour related determinants of construction
productivity.
Arditi (1985), in his paper on Construction Productivity Improvement, compared
the results of similar productivity surveys conducted in the United States in 1979
and 1983. Based on the outcome of his studies, Arditi recommended that
. immediate research should concentrate on improving market practices, planning and
scheduling, labour-management relations, site supervision, industrialised building
systems and engineering design. Arditi also suggested that similar surveys be•
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conducted every three to four years to observe and identify new trends in the
industry and to steer research in the appropriate direction.
Laufer (1985) studied various programmes for on-site performance improvement of
a medium-sized construction project, which included problem identification, data
collection and data analysis. This researcher examined methods of placing the
various programme phases into practice and identified the problems likely to be
encountered. Laufer suggested that on-site performance improvement programmes
in medium-sized projects are not only economically feasible and worthwhile, but are
highly recommendable.
Koehn and Caplan (1987) studied work improvement areas for small and medium-
sized contractors in the United States. Their findings indicated that the average
potential for productivity improvement of both head office and on-site functions is
roughly the same for both large and small organisations. This indicated that
although differences existed between large and small contractors, their overall
potential for productivity improvement is approximately equal. Further, Koehn and
Caplan identified a consensus among both small and large firms that productivity
improvement efforts should primarily be concentrated on planning, scheduling site
supervision and labour agreement functions.
2.5 MACRO AND MICRO PRODUCTIVITY MEASUREMENTS
A successful strategy for improving productivity requires a systematic approach to
measurement, both at the macro and micro levels. At the national level, an
economic policy can be effectively formulated by establishing how the various
industries, sectors or regions are performing. The indicators of performance at the
national level are obtained through macro measurements and can be used to:
• provide an indication of a country's standard of living; and
• compare performance, that is, degrees of competitiveness, for industrial
enterprises.
The most common macro measurement is Gross National Product (GNP) per
capita. GNP is the indicator of a country's economic performance and more
particularly its standard of living. GNP includes both the domestic and overseas
earning of the citizens of a country. It is different from Gross Domestic Product
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(GDP) which is a national output. GDP is the value of all the goods and services
produced within the geographic boundaries of a country.
Macro indicators form an important part of the total productivity framework, but
performance information at the company level is of greater interest to most
managers. This information comes under the general heading of micro
measurements. Some form of overall measurement will be available within each
enterprise. In terms of output, individuals contribute the total output of the
company they work in; the outputs of all similar companies make up the total
industry they are in; and the outputs from the various industries, when aggregated,
yield the national output. Hence, productivity is a concept which is equally relevant
to all levels of the economy, i.e. the individual, the company, the industry and the
nation. This cascade effect, with each on its main areas of operation right from the
micro to macro indicators, is illustrated by Lawlor (1985), as shown in Figure 2.2.
The productivity achieved at the national level is simply the aggregate of the
productivity at the individual, company and industry levels. When employees
increase their productivity, the cumulative effect increases the company's
productivity and subsequently the industry's productivity. This highlights the fact
that a country's resilience and competitiveness depend on the ability of each
individual to improve his own productivity.
2.6 LABOUR PRODUCTIVITY MEASUREMENT MODELS
As mentioned earlier, labour productivity is by far the most common measure
applied to an economy, industry or company. Researchers have identified many
labour productivity measurement models, though some have shortcomings that need
to be addressed. Talhouni (1990) emphasised that a productivity measurement
model should:
• measure accurately both input and output parameters used in productivity
calculations, i.e. labour manhours input and work quantity completed;
• represent calculated productivity in a form that is useful to the researcher so
that results can be linked to the progress of an activity and reflect site
productivity;
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Figure 2.2: Productivity measurement at national, industrial and
company levels [Source: Lawlor (1985)]
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• use simple and effective data collection procedures, without the need for special
training;
• identify the major factors influencing productivity in an objective manner and be
capable of establishing cause and effect relationships between individual factors
and the calculated productivity;
• relate productivity variability to specific causes; and
• utilise existing data or data that is easily obtainable from site without
antagonising the workforce.
Several labour productivity models have been used on construction projects. They
can be classified under the following groups, as summarised in Figure 2.3:
• survey model methods;
• work study based models; and
• factor-based models.
2.6.1 Survey models
The main survey techniques presently adopted are the craftsman questionnaire and
the foreman delay survey. Both are based on measuring productivity by obtaining
the data through the use of structured forms or questionnaires on site.
The craftsman questionnaire
The craftsman questionnaire was first used by Borcherding (1976) in a productivity
study conducted in several large power plant projects in the United States. This
questionnaire survey is one of the methods developed to measure the productive
time of work on the construction site. Although the questionnaire survey does not
directly measure the units of product completed by the work crew, it can
nevertheless offer good data as a measure of site efficiency in using labour
resources by estimating the time spent by craftsman on several work items.
Being anonymous, the craftsman can feel free to express their ideas through the
questionnaires. The questions are directed at topics that can be identified as causes
of delays and/or interruptions. It requires the craftsman to estimate the loss of time
22
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arising from particular reasons and to offer suggestions to correct any problems.
This survey is useful to managers who can then easily recognise where the delay
problems lie as well as the possible causes. One disadvantage in using this
questionnaire survey is that the data collection procedures become complicated
when each operative has to complete a form, there being many crew members on
most projects to be monitored. As the operatives do not usually have close rapport
with management, they may not be in a position to determine the correct cause of
some delays. Another shortcoming is that the information to be given is usually
based on the memory of the operatives and on rough estimates, rather than on
specific current information.
Subsequent research work on the Craftsman Questionnaire has been reported by
Chang and Borcherding (1985, 1986).
Foreman Delay Survey
Foreman delay surveys are another method based on the survey model which has
been developed in order to measure performance and hence improve productivity
on construction sites. The rationale behind the Foreman delay survey approach is
for the foreman to identify and estimate time losses at the end of each day with
reasonable accuracy. In this survey, the foreman is asked to complete daily delay
reports in the form of a checklist and the information obtained is summarised by
craft and delay cause.
This method of monitoring the performance of operatives was first used by Tucker
et al (1982) during the construction of chemical plants in the United States. In this
method, only the foreman is questioned, the main reason is that he/she is in close
contact with both the operatives and management and is best able to identify the
cause of a delay and to give an accurate estimate of its duration. Such a survey
aims to improve productivity of operations, as well as to highlight inefficiencies in
the administration of projects. Compared to the Craftsman Questionnaire Survey,
the data collection process is less disruptive to the work process and avoids the
possibility of having opposing viewpoints among operatives.
2.6.2 Work study based models
Work study is the study of methods of working in order to find a better way of
carrying out various activities. Work study has two main components, namely
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method study and work measurement. The method study is usually carried out first,
although some work measurement (time study) techniques such as activity sampling
may be used before a method study to identify problems. Time studies are also
used to compare the effectiveness of different methods.
The objectives of method study are to:
• improve the use of materials, equipment and manpower;
• improve processes and procedures;
• improve workplace layout;
• improve the design of tools and equipment;
• reduce unnecessary work; and
• develop a better working environment.
The British Standard Glossary of Terms in Work Study defines method study as
".... the systematic recording and critical examination of existing and proposed
ways of doing work, as a means of developing and applying easier and more
effective methods of reducing costs".
Work measurement involves using time studies to find out how long a task ought to
take. The objectives are to:
• compare the efficiency of alternative methods;
• provide information upon which planning, scheduling and control of work can
be based;
• balance the work of components of a team;
• provide information for cost estimates; and
• set standards of performance as a basis for incentive schemes.
The British Standard Glossary of Terms in Work Study gives the definition of work
measurement as " .... the application of techniques designed to establish the time
for a qualified worker to carry out a specified job, at a defined level of
performance".
A number of labour productivity models based on work-study concepts have been
proposed. These can be grouped into three broad classifications, as suggested by
Thomas et al (1990), namely delay, activity and task models. Each model is
applicable to crew-level operations.
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work time
Minor delay
time
Delay Model
According to Thomas et al (1990), the delay model is conceptually very simple.
The workday is divided into three major parts and the time spent in each mode is
recorded with a stop watch. The total available work time is divided into
• net available work time; and
• major delay time.
The net available work time is sub-divided into
• productive time; and
• minor delay time.
This arrangement is as shown in Figure 2.4.
1,n•11
Productive
time
___1 Net available
work time
H Major delay
time
Figure 2.4: Representation of time breakdown in Delay Model
The model is best suited to closed systems with few external influences, but is
difficult to apply to most labour-intensive processes.
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Activity Model
The basic concept of this model is that production time and output are related in a
predictable manner. The model is based on a work measurement method using the
sampling approach, which measures the time spent in different pre-defined activities
such as:
• travelling;
• transporting;
• procurement of tools and materials;
• personal breaks;
• late starts and early quits;
• waiting and idling;
• taking instructions and reading drawings; and
• direct work.
Thomas and Daily (1983) demonstrated the use of three activity sampling
techniques: (a) work sampling, (b) the group timing technique and (c) the five-
minute rating.
These researchers showed that work sampling provided important information on
the characteristics of delays, while the group timing technique was useful in
validating estimating data regarding cycle times. The five-minute rating was shown
to be a quick estimator of delay time of a crew.
Typical results of an activity model are shown in Figure 2.5, where times spent on
the above pre-defined activities are expressed as a percentage. As a productivity
measurement technique, the activity sampling method can be used to determine the
proportion of time spent working. Consequently, there is a direct relationship
between outputs and the time spent at work. Indeed, the main advantage of the
activity sampling method is that it permits the simultaneous monitoring of labour
productivity in a variety of trades. Thomas et al (1984) used the activity sampling
method to collect productivity data from a wide range of projects.
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Task Model
The task model is an extension of the delay and activity models, formulated by
researchers at Loughborough University of Technology. The model introduces the
concept that certain activities are basic or necessary while others are additional but
necessary and a third group is unnecessary. Price (1986) used this task model to
estimate the output of a concrete placement operation. Output was related to crew
size, slab depth, size of concrete bucket and the cycle time of the tower crane. In
calculating the estimated output, various assumptions were made relative to
relaxation allowance time and waiting time, amongst others. Like the delay and
activity models, the task model emphasises the time needed to perform various
tasks that define the work method. The classification of time in the task model is
shown in Table 2.1. Subsequent research work on the measurement of concreting
operations based on the task model, have been reported by Price (1991), Price and
Harris (1992).
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Table 2.1: Classification of time in the task model
[Source: Price (1986)]
Basic element time Minimum time	 required	 to	 perform the
essential tasks of the operation. 	 Tasks for a
concrete	 placement
	 operation	 include
preparing	 work	 area,	 pouring	 concrete,
vibrating, shovelling, tamping, trowelling and
so forth.
Work rate The	 speed	 with	 which	 the	 worker	 is
performing the work.
Basic excess time Additional work caused by deviation from the
standard method attributed to the operation
or site, i.e.	 material stored in the wrong
location.
Basic ancillary time Additional time that is part of the operation
but	 cannot	 be	 appropriately	 classified	 as
productive.
Internal delay Time lost while waiting for another gang
member or equipment. It is a function of the
nature of the task.
External delay These delays occur for a variety of reasons
outside the control of the gang.
Relaxation Waiting for no apparent reason.
Extra breaks Unauthorised breaks,	 late	 start and	 early
finish.
Official breaks Authorised breaks.
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Work study models cannot always truly represent labour productivity in labour
intensive operations and must take into account the following:
• the non-repetitious nature of production in construction may cause large
variations in productivity for the same type of operations. This is influenced by
the multitude of external and internal factors at the site which affect the
operatives. Construction work is different from factory production where there
is a well defined environment with good control of the production process.
• The production process in construction is based on work packages which vary
from site to site. Individual operations are rarely repeated to the same degree of
exactness as in manufacturing operations. For work study techniques to be
successful in productivity measurements, the same precise operations have to be
separated.
• Work study measures the productivity of a single worker or a small group close
to each other, working on the same activity for a brief period of time.
Unfortunately, construction work is done mainly by gangs of operatives and
consequently, work study techniques will be unable to offer a productivity
measure of the gang or the site.
• The majority of basic construction operations have short cycles and are
frequently disturbed by interruptions that cause a break-up of the working
process, thereby causing large inaccuracies.
2.6.3 Factor-based models
Thomas and Yiakoumis (1987) emphasised that work-study models include only a
few factors related to the work method and stressed that other more important
factors need to be understood. Thomas et al (1990) then put forward two models
to measure these factors. These two models are:
• the factor model; and
• the expectancy model
classified as factor-based models.
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Factor Model
The initial consideration in this research was the development of a productivity
model that could be used to quantify the environmental, site management and
design factors affecting productivity.
• Environmental factors: - weather; and
- absenteeism.
• Site factors:	 - congestion; and
- access and layout.
• Management factors:	 management control;
manning level;
crew size and structure;
work methods; and
- work schedule.
• Design factors:	 - constructability;
- quality of documents;
specification requirements; and
quality control requirements;
The factor model is well documented by Thomas and Yiakoumis (1987) and
Thomas et al (1990). Thomas et al (1990) stated that the four essential features of
the factor model are:
• unlike work study, the factor model measures productivity as a function of
output and not as a function of time;
• the focus is on the crew as the basic work unit, rather than on individual new
members;
• the ideal productivity required to perform the work is time-dependent, i.e.
improvements resulting from repetition can be modelled; and
31
• the model includes the major factors that affect productivity: the form of the
model allows statistical validation and factors can be added or removed as
appropriate.
Expectancy Model
Expectancy model centres around the expectancy theory, which explains variations
in performance in terms of the effort a worker is willing to exert to complete a task.
Effort is the function of proper incentives and can be enhanced or diminished by job
conditions, management actions, relevancy of work, rewards and so on. Thomas et
al (1990) explained that performance will be high if the following conditions are
met:
• effort is exerted by workers;
• workers have adequate knowledge, skills and abilities;
• proper direction is given; and
• constraints are removed.
Effort alone is insufficient to ensure high performance. The paper adds that two
sets of variables, namely knowledge, skills and abilities on one hand and direction
on the other, influence the translation of effort into performance. Thomas further
stated that one factor that can constrain performance is the management of the
production process or organisationally imposed constraints. This factor represents
the failure of management to plan and maintain an orderly sequence of work, to
provide sufficient resources, access to the work area, to maintain uncongested work
areas and so forth. Thomas et al also linked performance to incentives. If workers
have no expectation of desirable rewards or outcomes, they will lack the incentive
to perform. Performance is also linked to crew satisfaction. The satisfaction that
crew members derive from their work affects their incentive to perform.
Thomas et al (1990) stressed that both the factor model and the expectancy model
were based on factors that affect productivity and exist in a form that could be
statistically validated. It was concluded that a combination of the two models could
yield the first truly comprehensive model of crew-level, labour intensive
construction operations.
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2.6.4 Direct measurement method
In addition to the productivity models described in sub-sections 2.6.1 to 2.6.3, it is
advisable to work on direct measurement techniques that provide output rates, e.g.
x man-hours to pour one cubic metre of concrete, y man-hours to bend and fix one
tonne of steel reinforcement and so on. Such research will certainly complement
the research on productivity models that were pioneered by researchers such as
Borcherding, Tucker, Thomas and several others mentioned earlier in this chapter.
Fereig (1992) measured manpower output at five different construction sites in
Kuwait to arrive at a recommended output rate that can be used for similar type
projects in the Gulf region. Fereig also identified various factors affecting
manpower output. The construction documents and records obtained by Fereig
were for five projects comprising 400 to 600 houses per project, with a
construction period of three years. The contracts comprised the building of two-
storey detached government housing units, the structure consisting of reinforced
concrete columns, beams and slabs. The structure was infilled with concrete-block
curtain walls which are plastered and painted on the inside and carry a cladding on
the outside.
The quantities for each type of work per house were calculated from the
construction documents. The construction supervision group included numbers of
workers, skilled and unskilled, who were involved in each type of work. The
quantities completed over a period of four months were calculated. The total actual
man-hours spent in doing this work were calculated to obtain the average output
rate during the study period. The initial period of construction was disregarded,
since work was generally slow at that stage, owing to the learning process and
solving of unexpected problems and clarification of ambiguities. The output rates
for various activities are given in Table 2.2. The figures do not include any time
during which there was a loss of productivity caused by inability to provide the
necessary materials or tools, lack of instruction, waiting time for inspections, lack of
access to work area or lack of co-ordination.
Fereig established that the output rates published in the USA are found to be in
agreement with his figures given in Table 2.2. He therefore recommended that the
output rates in Table 2.2 be used in the Gulf area's building industry so that the
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Table 2.2: Proposed Output Rates for Various Activities [Source: Fereig (1992)]
Type of Work Crew Daily output rates
SUBSTRUCTURAL ACTIVITIES
Foundation:
Formwork
Reinforcement
Casting
Foreman
Carpenter
Helper (labour)
Steel fixer
Helper (labour)
Foreman
Carpenter
Helper (labour)
Steel fixer
Cement finisher
0.10 MH/m2
0.50 MH/m2
0.50 MH/m2
30.00 MH/ton
30.00 MH/ton
0.10 MH/m3
0.20 MH/m3
0.70 MH/m3
0.15 MH/m3
0.30 MH/m3
SUPERSTRUCTURAL ACTIVITIES
Columns and walls:
Formwork
Reinforcement
Casting
Floor slabs:
Formwork
Reinforcement
Casting
Foreman
Carpenter
Helper (labour)
Steel fixer
Helper (labour)
Foreman
Carpenter
Steel fixer
Cement finisher
Foreman
Carpenter
Helper (labour)
Steel fixer
Helper (labour)
Foreman
Carpenter
Steel fixer
Helper (labour)
Cement finisher
0.10 MH/m2
0.90 MH/m2
0.90 MH/m2
35.00 MH/ton
35.00 MH/ton
0.30 MH/m3
0.50 MH/m 3
0.40 MH/m3
3.00 MH/m3
0.10 MH/m2
0.80 MH/m2
0.80 MH/m 2
35.00 MH/ton
35.00 MH/ton
0.10 MH/m3
0.30 MH/m3
0.20 MH/m3
1.25 MH/m3
0.30 MH/m3
FINISHING ACTIVITIES
Blockwork (20 x 20 x 40 cm)
Brickwork
Plastering
Tiling work (terrazzo)
Tiling work (ceramics and porcelain)
Painting
Door and window frames
Mason
Helper (labour)
Masons
Helper (labour)
Plasterer
Helper (labour)
Terrazzo layer
Helper (labour)
Ceramic layer
Helper (labour)
Painter
Helper (labour)
Three carpenters
Two helpers (labour)
1.00 MH/m2
0.50 MH/m2
1.60 MH/m2
0.80 MH/m2
0.40 MH/m2
0.40 MH/m2
0.45 MH/m2
0.45 MH/m2
0.35 MH/m2
0.35 MH/m2
0.12 MH/m2
0.06 MH/m2
10 frames/day
[ MK : man-hour, m: metre]
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manpower needed to execute the activities could be arrived at. Fereig however
cautioned that judgement must be able to account for the loss of output which
could be expected from various factors which he had earlier identified.
2.7 SUMMARY AND DISCUSSION
The productivity measurement techniques discussed in sub-sections 2.6.1 to 2.6.3
do not directly measure productivity outputs. Existing models that measure
productivity have shortcomings in representing actual site productivity at the level
of site operatives. They generally do not offer project managers the opportunity of
controlling their projects or in establishing how effectively their projects are being
managed. Existing models are also not able to identify the reasons for differences in
productivity from one project to the next.
As for sub-section 2.6.4 on direct methods of productivity measurement, it is found
to come closest to the research reported in this thesis. It has been reported earlier
that Fereig (1992) measured output rates for formwork, reinforcement and
concreting, as well as for several finishing activities. In a similar manner, this thesis
reports the overall productivity at construction sites in Singapore, as well as the
productivity of individual structural trades like formwork, reinforcement and
concreting operations. These areas of research are dealt with in detail in Chapters
7, 8 and 9.
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CHAPTER 3
CONSTRUCTION PRODUCTIVITY ISSUES
IN SINGAPORE
3.1 THE SINGAPORE ECONOMY
Singapore is a young nation with a population of three million and a land area of
640 sq km. The economic transformation of Singapore began in 1961, and the
country has gone through several stages of development, leading to its present
status as a global, cosmopolitan city state. In the 1960's labour-intensive industries
were encouraged, as the focus was on job creation. By the early 1970's, when full
employment was achieved, the emphasis was shifted to the generation of higher
skilled jobs and the production of quality products.
With Singapore's better trained workforce and improved educational, knowledge
and skills capabilities, companies in the 1970's began to bring in more sophisticated
technology to manufacture higher skilled and more capital-intensive products.
Today, the economic development of Singapore has been broadened, so that
emphasis is placed on the manufacturing, finance, construction, and service sectors.
Local enterprises are encouraged to diversify their operations, upgrade their skills
and develop into strong export-oriented companies.
As the Asia-Pacific region becomes increasingly important in the global economy,
emphasis will also be given to regional investments, projects and initiatives with the
underlying objective of generating economic spin-offs.
3.1.1 Strengths and weaknesses
Singapore is often hailed as a model of successful economic development. Over the
past thirty years, much progress has been made and the country is comparable to
developed countries in some areas.
The major strengths that have helped Singapore to succeed over the past thirty
years have been identified by the Ministry of Trade and Industry (1991) as:
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• Stability: A very stable country politically, economically, socially and
climatically is important for business. It provides an environment that is
predictable and positive for business activities.
• Good government: A government that is clean, rational, competent, strong and
united, is able to move effectively and speedily whenever there is a need.
• Consensus: There is a high level of consensus between employers and
employees, as well as between the government and people. This unity of action
is vital for the effective implementation of major programmes.
• Strategic location: One of the few natural resources Singapore has is its
excellent location on sea and air routes, as well as its position straddling the
time zones of Asia and Europe.
• Infrastructure: Singapore's deliberate policy of investing heavily in land, sea,
air and telecommunications infrastructure, together with its good natural
harbour, have enabled it to have the best facilities in the world.
The Economic Planning Committee, Ministry of Trade and Industry (1991) also
identified two weaknesses affecting Singapore's economic growth:
• Small size: Singapore lacks the market size to develop a full scale industrial or
economic structure. The economy is constrained by limited resources, not only
in workers, but also in talent, land, coastal regions, sea space and water.
• Vulnerability: Because of its small size, Singapore lacks ballast and when there
are changes in the world environment, the economy can be acutely affected.
3.1.2 Challenges and opportunities
Based on a survey of over 130 top executives in Singapore, both in government and
private sectors, the Economic Planning Committee, Ministry of Trade and Industry
(1991), identified the following as the most important challenges and opportunities:
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Most important challenges
• Shortage of skilled and talented manpower, discouraging viable companies from
expanding or diversifying.
• Rising cost of doing business leading to loss of competitiveness.
• Recession in the industrialised countries.
• Upgrading of infrastructural facilities in countries in the region, making them
more competitive vis-a-vis Singapore.
• Political upheavals in South East Asia with direct impact on Singapore.
Most important opportunities
• Good infrastructure and communications system providing the basis for new or
untapped business opportunities.
• Rapid economic development of countries in the region resulting in increased
demand for Singapore's goods and services.
• With high quality, well educated and productive workforce, Singapore is well
positioned to go into more sophisticated business activities.
• Globalisation of production and other business functions increases the chances
of multi-national companies locating some business activities in Singapore.
• Growth in intra-Asian trade resulting in new and bigger markets for Singapore's
goods and services.
3.1.3 Singapore's Economy in 1994
The Ministry of Trade and Industry (1995) reported that the Singapore economy
expanded by 10.1 per cent in 1994, the same as in 1993. Growth was broad-based
across the sectors, but was particularly driven by strong performances in the
manufacturing and construction sectors. The manufacturing sector grew strongly
by 13 per cent, compared with 10 per cent in 1993. The financial and business
services sector grew by 9 per cent in 1994, slower than the 13 per cent growth in
1993. The commerce sector grew by 9.1 per cent, compared with 8 per cent a year
ago. The transport and communications sector grew by 11 per cent, the same as in
1993. The construction sector performed strongly in 1994, largely due to a sharp
increase in private sector construction demand. It grew by 16 per cent compared
with 8 per cent in 1993. Construction demand in terms of contracts awarded
reached S$11.7 billion in 1994, compared with S$10.6 billion in 1993. The above
data were released by the Ministry of Trade and Industry (1995) in the 1994
Economic Survey of Singapore.
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3.2 SINGAPORE'S CONSTRUCTION INDUSTRY
The Singapore construction industry has performed well for the past several years.
Its history and performance over the past thirty years are well documented by Ofori
(1993). The construction GDP growth rate for a five year period, from 1989 to
1993, is given in Table 3.1. The total value of domestic contracts awarded is shown
in Table 3.2, with the figure reaching a peak of S$12.8 billion in 1992. A
breakdown of figures from 1989 to 1993, together with estimated figures for 1994
and projected figures for 1995, is given by Low (1995) and reproduced in Table
3.3.
The boom in construction work over the past few years is the result of a number of
factors:
• an unexpectedly high demand for private residential properties, which has led to
more projects being launched;
• an increase in public-sector projects, such as public-housing schemes, roads,
flyovers and the seaport expansion programme; and
• the rush by some developers to bring their commercial projects on-stream to
forestall an impending glut in the commercial property market.
3.2.1 Construction prospects
The construction sector has been a major contributor to the strength of the
Singapore economy. However, the construction process is discontinuous and
construction demand is largely influenced by economic and investment-related
sentiments. Hence, the volume of workload in the sector tends to fluctuate more
unexpectedly than that of other economic sectors. In Singapore, the prospects for
the construction industry are determined by the performance of the national
economy and those of Singapore's major trading partners. The susceptibility of the
sector to cyclical booms and busts makes construction business difficult to manage
and also generates opportunities not encountered in other industries.
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Table 3.1: GDP growth rate of the Singapore construction industry
Year GDP growth rate (per cent)
1989 1.5
1990 7.2
1991 21.0
1992 20.0
1993 8.0
1994 16.0
Source: CIDB Annual Reports; 1992, 1993, 1994
Economic Survey of Singapore 1994
Table 3.2: Total value of contracts awarded in Singapore
Year Amount S$billion
1989 5.5
1990 8.0
1991 7.9
1992 12.8
1993 10.6
1994 11.7
Source: CIDB Annual Reports; 1992, 1993, 1994
Economic Survey of Singapore 1994
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Table 3.3: Breakdown of contracts awarded (S$million)
BUILDING SUB-SECTOR Civil
Engrg
Overall Total
(Bldg + Civil
Engrg)
Year Residen-
tial
Commer-
cial
Indus-
trial
Institutional
& Others
Bldg
(Total)
1989 1,737 967 893 700 4,297 1,204 5,501
1990 2,695 2,051 1,004 1,089 6,839 1,195 8,034
1991 2,685 1,774 1,221 918 6,598 1,276 7,874
1992 5,172 3,476 1,542 848 11,038 1,795 12,833
1993 4,639 1,264 1,434 1,352 8,689 1,898 10,587
1994 5,730 1,350 1,650 1,500 10,230 1,050 11,280
(I)
1995 5,170 1,190 1,640 2,140 10,140 1,930 12,070
(2)
Notes:	 (1) Estimated Figures
(2) Forecast Figures
Source: CIDB [ Low (1995)]
The 1994 Economic Survey of Singapore reported that the value of contracts
awarded is expected to surpass the average of S$11.1 billion given out in 1993 and
1994. It is projected that in 1995 a total contract value of S$12.1 billion can be
reached, close to the record breaking benchmark of S$12.8 billion in 1992.
The government is expected to put up more public housing on the market. In the
next three years, the Housing and Development Board, will be building 30,000 new
flats annually. The public sector is also expected to award S$240 million worth of
contracts for commercial buildings and S$270 million for industrial projects. As for
civil engineering works, a total of S$1.8 billion worth of projects is expected to be
awarded, while the Public Utilities Board has budgeted S$1.5 billion for
development projects in 1995, mainly for electricity and water projects and also for
gas related schemes.
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As for the private sector, residential projects awarded are expected to be around
S$1.9 billion, while commercial projects is estimated to reach S$950 million. For
private sector industrial development, construction demand is expected to be about
S$1.4 billion for 1995.
Besides new construction works, retrofitting works are expected to take up about 8
per cent of total construction demand, i.e. about S$900 million worth of contracts.
For 1995, the majority of refurbishment works will be from the public sector,
particularly the Housing and Development Board, as it intends to step up its
upgrading programme to existing flats in various housing estates.
As for construction materials, the Construction Industry Development Board (Low,
1995) expects that demand for the five basic construction materials, namely cement,
steel reinforcement bars, sand, coarse aggregate and bricks to continue to increase
by between 5 per cent to 14 per cent. On the supply side, no shortage of basic
construction materials is envisaged. The supply is expected to rise by between 3 to
14 per cent to match demand. Prices of the five basic materials are not expected to
fluctuate very much in 1995.
3.2.2 Construction manpower
Construction manpower has remained tight and demand for manpower increased by
20 per cent from a figure of 138,000 in 1992 to 166,000 in 1993. Over a five year
period from 1989 to 1993, manpower has increased by over 50 per cent. The
construction workforce during the above period is shown in Table 3.4. The yearly
increase in manpower was met mainly by increased employment of foreign workers.
Due to the tight labour market, wages have been increasing yearly. The labour cost
index, provided by the Construction Industry Development Board (CIDB; 1992,
1993, 1994), has increased from 103 points in 1989 to 141 points in 1993. In
Singapore, labour costs constitute about 30 per cent of total construction cost,
while material costs constitute about 50 per cent. While labour costs have
increased by some 40 per cent from 1989 to 1993, material costs have remained
stable in 1992 and 1993 (Table 3.5). A graphical presentation of material and
labour cost indices from 1985 to 1994 is shown in Figure 3.1. The labour cost
index has been on the increase since 1989, while the material cost index peaked in
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1990. This drastic rise in labour cost index will have serious implications on the
construction industry, unless it is accompanied by a corresponding rise in
productivity. This will be discussed in a later section.
Table 3.4: Construction workforce in Singapore
Year Workforce
1989 97,000
1990 104,000
1991 117,000
1992 138,000
1993 166,000
Source: CIDB Annual Reports; 1992, 1993, 1994
Table 3.5: Material and labour cost indices (1985 = 100 points)
Year Material cost index
(points)
Labour cost index
(points)
1989 116 103
1990 128 110
1991 125 119
1992 115 134
1993 115 141
Source: CIDB Annual Reports; 1992, 1993, 1994
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Figure 3.1: Graphical presentation of material and labour cost indices
(1985 = 100 points)
[Source: Economic Survey of Singapore, 1994]
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Due to the overall shortage of workers in the construction industry, the government
has, since November 1992, permitted contractors to employ five foreign workers
for every one local worker. Previously, the ratio was three foreign workers for
every one local worker employed. The increase in total number of construction
workers has not improved the overall construction industry needs. One problem
still facing the industry is the shortage of skilled workers. Estimates by the CIDB,
as reported by Low (1995), showed that less than 10 per cent of the workers in
Singapore are skilled (both local and foreign).
In order to encourage contractors to employ more skilled workers, the Singapore
government reduced the foreign workers levy for skilled workers from $250 per
month to $200 as from 1 April 1995. At the same time, the foreign workers levy
for unskilled workers was increased from $400 per month to $440 (Ministry of
Trade and Industry, 1995). These two categories of foreign workers levies are to
be paid by contractors to the government for the purpose of employing foreign
construction workers in Singapore.
In order to be classified as skilled, a worker has to pass a skills test conducted by
the Construction Industry Training Institute. As at 31 March 1994, the total
number of certified skilled construction workers in Singapore stood at 16,371, a
figure which is less than 10 per cent of the total workforce of 166,000
(Construction Industry Development Board Annual Report, 1994). The breakdown
of the cumulative number of certified skilled workers from 1989 to 1993 is shown
in Table 3.6. A breakdown of the figures under trade categories and local/foreign
composition, is given in Table 3.7.
Table 3.6: Cumulative number of certified skilled workers
Year Cumulative Numbers
1989 7,962
1990 9,592 •
1991 12,318
1992 13,921
1993 16,371
Source: Construction Industry Development Board, Annual Report 1994
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Table 3.7: Number of certified skilled workers by trade
(as at 31 March 1994)
Trade Local Foreign Total
Structural 1,605 3,585 5,190
Finishing 1,613 4,621 6,234
Building Services 2,748 754 3,502
Plant Operations 897 448 1,345
Civil Engineering 25 75 100
Total 6,888 9,483 16,371
Source: Construction Industry Development Board, Annual Report 1994
3.3 CONSTRUCTION PRODUCTIVITY ISSUES
The increase in construction activity over the past several years and its need for
more manpower has brought the issue of construction productivity into focus.
Concerns have been raised on the low level of construction productivity compared
to other sectors which has resulted in the continuing high dependence on foreign
workers. As an economic sector, the construction industry contributes about 6 per
cent of Singapore's GDP, but uses about 71/2 per cent of the total workforce. It also
uses 25 per cent of the total number of foreign workers in the country.
A taskforce was formed by the Construction Industry Development Board in mid-
1991 to study the issue of construction productivity. The terms of reference of the
taskforce (CIDB, 1992) were to:
• ascertain the productivity level of Singapore's construction vis-a-vis that of
other economic sectors and vis-a-vis construction productivity levels in
developed countries;
• identify the underlying reasons for low productivity; and
• recommend directions and programmes to improve productivity in the longer
term.
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3.3.1 Construction productivity performance
The economic indicator used in Singapore to measure productivity is value-added
per worker. The Department of Statistics, Singapore (1992) defined productivity as
the output per worker in terms of value added at 1985 prices. Lam (1987), writing
for the National Productivity Board, Singapore, defined value added as a measure
of the wealth generated by the collective effort of those working in a company or
industry and those who provide the capital, namely the investors. In a simple
illustration of the value added concept, Lam (1987) explained that a manufacturing
company would buy raw materials, components, fuel and various services and then
convert the raw materials into products to be sold at a higher price. In doing so, the
company has added value to the materials through the processes of production.
To compute the productivity level of any particular sector of the country, total
value added is divided by total employment in that sector (National Productivity
Board, Singapore, 1992b). In this manner, the relevant authorities in Singapore
have computed the changes in annual productivity for the major sectors of the
economy (Department of Statistics, Singapore, 1992). The five major sectors of the
economy where changes in annual productivity have been computed comprise
manufacturing, construction, commerce, transport and communications, as well as
financial and business services.
Singapore's overall productivity growth from 1982 to 1991 (Department of
Statistics, Singapore, 1992) is shown in Table 3.8, together with figures for the
construction and manufacturing sectors. As stated earlier, the economic indicator
used to measure productivity is value added per worker. Using this indicator,
construction productivity has increased at an average of 3.1 per cent over the above
ten year period, which is lower than the average of 4.5 per cent for the
manufacturing industry and 4.2 per cent for the whole economy.
Within the construction industry, Singapore's productivity is much below that of the
industrialised countries like Japan and Finland. Studies conducted by the
Construction Industry Development Board showed that in general, construction
productivity levels in Japan are about 30 per cent higher than in Singapore. The
level of finishes and building services between Japan and Singapore can be
considered to be similar, although Japanese high-rise buildings have to be designed
for earthquake forces and higher wind loads. In the case of Finland, the
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Table 3.8: Changes in productivity by sector
(computed based on value added per worker)
er cent
Year Manufacturing Construction National Average
1982 -0.7 4.2 1.6
1983 9.1 10.1 5.3
1984 7.2 9.0 6.9
1985 -1.5 5.7 3.1
1986 13.6 -4.3 6.3
1987 3.7 0.8 4.8
1988 2.0 1.6 4.5
1989 3.8 0.1 4.8
1990 4.6 1.4 3.4
1991 3.4 2.8 1.5
Average 4.5 3.1 4.2
1992 (1st Quarter) -0.9 12.5 1.5
Source: Yearbook of Statistics Singapore 1992 [Department of Statistics, Singapore)
Monthly Digest of Statistics March 1992
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Construction Industry Development Board estimated that its construction
productivity is about 60 per cent higher than Singapore's productivity levels. The
ClEDB study in 1992 found that due to the extremely cold weather in Finland, the
construction industry there has adopted industry-wide modular and standardisation
programmes with a very high level of prefabrication. About 40 per cent of buildings
in Finland are fully prefabricated, as compared to six per cent in Singapore.
The Construction Industry Development Board acknowledged that if Singapore is
to reduce labour usage and achieve levels of construction productivity in Finland, a
major effort to move towards prefabrication and standardisation must be carried
out. This will have to be weighed against rising client and consumer aspirations for
greater variety in design. The ClDB was of the opinion that the Japanese level of
productivity would give a better balance between productivity and design variety.
On a broader front, the CIDB Construction Productivity Taskforce (ODB, 1992b)
viewed that Singapore's overall productivity level was lower than those of
industrialised countries due to both design and construction factors. As designs in
Singapore are mainly done separately before contracts are awarded, the industry in
general does not give sufficient attention to buildable designs. This is largely
because of the following reasons:
• Traditional but labour intensive systems are still economical.
• The industry is still unfamiliar with buildable designs and standardisation,
especially in the area of prefabrication.
• Clients want more variety as long as labour cost is not significant.
Some of the design features of high productivity projects that can be adopted
include:
• a high degree of standardisation in grid layout and sizes of components;
• buildings systems and installation details which are simple, easy to build and
repetitive;
• a design which uses or facilitates the use of a high degree of prefabrication or
pre-assembled forming systems; and
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• architectural details which minimise the use of wet trades, replacing them with
dry components or semi-dry trades.
As mentioned earlier, construction factors also play a part in low productivity. The
following factors can give rise to low productivity on site:
• An eroding local, skilled workforce base because of the unattractive
construction environment, insecure employment conditions, lack of recognition
and more attractive wages elsewhere outside Singapore.
• A large, transient and mostly unskilled pool of foreign workers which currently
constitutes about 80 per cent of the workforce actually undertaking
construction work.
• An underdeveloped subcontracting sector which has remained unchanged in
decades. There is no system to recognise and develop these firms that actually
perform construction work and are the main employers of workers.
• Inadequate site management and applications of mechanisation and automation
operations, although much progress has been made in these two areas.
3.3.2 Potential areas of productivity improvement
Manpower Usage
The usage of construction labour varies as the project progresses from structural
work (including basement construction), architectural and finishing work to
mechanical and electrical (M&E) work. The proportion of foreign to local workers
also differs considerably through these stages. Table 3.9 shows the distribution of
total labour and the proportion of foreign labour in these three stages of building
work.
Civil engineering work constitutes about 15 per cent of overall construction
volume. As it is more heavily mechanised, it uses only 10 per cent of the total
workforce, most of which are foreign workers. The focus of productivity
improvement efforts will therefore be on building work.
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Table 3.9: Usage of workers and potential for productivity improvement in
building work
Type of work
Usage of
workers
(per cent)
Usage of foreign
workers (per cent)
Potential for
productivity
improvement
Structural 50 80 - 85
(of structural
work workforce)
High
Finishing 30-35 50-60 (of finishing
work workforce)
Medium
Mechanical and Electrical 15-20 30
(of M&E work
workforce
Low
Source: CIDB Manpower Survey
Productivity improvements for structural work
The CIDB, in its Construction Productivity Taskforce Report, stated that structural
work was the most labour intensive and biggest consumer of foreign workers and
therefore had the highest potential for productivity improvement and reduction in
foreign workers. The areas of productivity improvement are summarised in Table
3.10.
The major trades (in terms of manpower usage) are formwork carpentry, steel
reinforcement fixing with concreting as a minor trade. Among these trades,
formwork fabrication requires the most skill. Reinforcement work requires skill in
taking-off and scheduling; bending is quite mechanised and steel fixing is basically
an assembly skill for which unskilled foreign workers can be trained. Concreting
work skill is not too difficult to acquire.
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Table 3.10: Productivity improvements for structural work
Areas Improvements/Alternatives Productivity impact
Formwork Precast structural components
(especially beams)
Flat slabs
Less on-site cast beams or no
beams
High
Reinforcement Prefabricated reinforcement Medium
Concreting Precast Slabs Low
Source: CIDB Construction Productivity Taskforce Report 1992
High use of prefabricated structural components will reduce formwork fabrication
significantly. Alternatively, the use of flat slabs virtually removes labour-intensive
carpentry as only flat forms are necessary. Reinforcement work can be reduced
through better scheduling and use of prefabricated reinforcement, although the
potential for productivity improvement is less compared to formwork fabrication.
Savings in concreting work is also less significant.
Productivity improvements for architectural and finishing work
This stage of work requires a mixture of craft and assembly trades. Craft trades
include plastering, brickwork, tiling, joinery and decorative work. Assembly trades
include installation of curtain walls, dry walls, ironmongery and ceilings. The more
assembly work there is, the higher is the productivity that can be achieved.
Articulation such as special joinery features can be done using more sophisticated
machines. Potential productivity areas are summarised in Table 3.11.
External brick wall with plaster and sometimes with tiling is the highest consumer of
labour. Productivity can improve 4 to 6 times with the use of precast walls or
prefabricated curtain walls. Cost, however, is the main consideration. The cost
ratio of brick and plastered wall, precast concrete wall and curtain wall is about
1:2:4. The cost difference is also due to more expensive and higher quality
materials.
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Table 3.11: Productivity improvements for architectural work
Areas Improvements/Alternatives Productivity Impact
External walls Precast walls (with/
without tiling)
Curtain walls
Very high
Internal walls Precast Lightweight walls
High precision lightweight
concrete blocks
High
Components
Windows
Doors
Tiles
Ceilings
Interior Decoration
Standardised, modular
sizes
Medium
Source: CIDB Construction Productivity Taskforce Report 1992
For internal walls, brick and plaster again offers the cheaper but more labour
intensive solution. An alternative would be to use lightweight concrete blocks.
Although these blocks are more expensive than bricks, the cost of labour will again
be a deciding factor. Better productivity could also be achieved through
standardisation in other architectural components such as doors, windows, tiles,
ceilings, etc.
Productivity improvements for Mechanical and Electrical trades
Mechanical and electrical trades are basically dry trades and therefore assembly
trades. The work consists of installation of equipment and distribution systems such
as wiring, pipes, ducts, etc. All of the latter can be prefabricated off-site in order to
minimise work on site. Further potential for productivity gain is therefore low
compared to structural and architectural trades. The main productivity
improvements will be how well distribution systems are integrated with structural
and architectural systems. Flat slabs for example will reduce the need for awkward
bending of pipes as happens in many beam and slab -floors.
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Productivity improvements through buildable designs
Buildable designs have a direct impact on site productivity. The basic principles of
buildable designs are:
Standardisation, which refers to the repetition of grids, sizes of components and
connection details. A repeated grid layout, for example, will facilitate faster
construction whether formwork or precast components are used. Similarly,
columns or external claddings of repeated sizes will reduce the number of mould
changes whether on-site or in the factory.
Simplicity, which means uncomplicated building construction systems and
installation details. A flat plate system, for example, eases formwork construction
as well as reinforcement work considerably. The use of precast components
reduces many trade operations on site and should improve site productivity
provided the standardisation principles are observed.
Single integrated elements, that combine related components together into a single
element which may be prefabricated in factory and installed on site. Precast
concrete external walls, curtain walls or prefabricated toilets are good examples of
this.
Productivity improvements through mechanisation and automation
Mechanisation and automation may be divided into four types:
• lifting and moving of materials (e.g. tower cranes, hoists, etc.);
• pre-assembled forming systems (e.g. climbing and table forms);
• installation and assembly functions (e.g. painting, welding, bolting); and
• mechanisation tools to aid workers in their trades e.g. drills, saws, fasteners.
Construction sites in Singapore usually have adequate mechanical plant for lifting
and moving of materials and products. Further mechanisation gains will depend on
better equipment and more effective use of these machines. Another area of
mechanisation is pre-assembled forming systems. Pre-assembled forming systems
(table-forms, climbing forms, column steel forms) are quite often used where the
design allows. Where designs do not permit efficient use of these forms, the cost of
mechanisation can be high.
Further quantum productivity gains will only come through automated or semi-
automated installations and assembly. This is in developmental stage even in
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developed countries such as Japan. At workers level, however, there is scope to
use more mechanised tools for work such as carpentry, joinery and tiling.
3.3.3 Directions for productivity improvement
The construction industry in Singapore has the potential of reaching the
productivity level found in developed countries. Already public housing
construction and a number of commercial and industrial projects have been able to
achieve high site productivity. However, more co-ordinated effort is needed from
all parties in the building process if productivity improvement is to be more
widespread. The objective of productivity improvement should be to reduce
manpower usage in site construction at reasonable cost while maintaining design
variety and high quality work. This objective has three components:
• the improvement of site productivity, which implies design and construction
methods that shifts more work off-site;
• productivity improvement should not result in excessive cost increase, which
will ultimately pass on to the consumer; and
• productivity improvement has to meet the need for design variety and high
quality expectations in Singapore's development.
In order for the construction industry to achieve the productivity levels in developed
countries, long-term directions are needed. The CUM Productivity Taskforce
recommended the following long-term directions:
• Development and promotion of buildable designs
The awareness of developers and the attention by designers to buildable designs
will have significant impact on site construction methods and systems used. The
industry should develop and propagate buildability technology. Until today, the
industry is generally unfamiliar with buildability technology, especially
prefabrication. Experience and expertise is needed to use prefabrication
correctly and to address design considerations such as water leakage and
stability of structures. The majority of projects in Singapore still have designs
done separately from construction. Design and construction phases should be
integrated in order to promote higher productivity as construction
considerations are taken into account at the design stage.
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• Development of a core of skilled workers
Even though the level of mechanisation and prefabrication increases, a
productive industry still needs a core of skilled workers in relevant trades. This
core of skilled workers will consist of both locals and assimilated foreign
workers. As the present local workforce is ageing, it is necessary to attract and
train a new generation of skilled workers and trade foremen especially for the
craft trades in finishing and building services.
• Foreign worker policies which encourage higher productivity
Foreign worker policies should encourage higher productivity by favouring
skilled workers. The current levy differential between skilled and unskilled
workers (as discussed earlier), should continue to indicate preference for skilled
foreign workers, while recognising that unskilled foreign workers will be needed
for certain types of work.
• Development of sub-contractors
The subcontracting segment of the industry needs recognition and development
in order to be attractive to the new generation of construction workers. The
Productivity Taskforce stressed that the development of sub-contractors is
crucial to worker development and welfare, and productivity and quality
standards for the future.
• Improving construction management
Professional and technical personnel need to be given priority in the
management upgrading of local companies. The Productivity Taskforce
recognised that good construction management is a major contributing factor to
achieving high productivity and quality.
• Construction automation initiative
The Productivity Taskforce stressed that the long term objective should be
towards full or semi-automation in the construction process. Singapore
contractors should implement more automated processes as and when the
technology becomes available and affordable. In the meanwhile, efforts to
promote mechanisation, especially at the subcontractor level, should continue.
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3.3.4 Construction productivity measurement
In terms of value added per worker, productivity growth in construction averaged
3.1 per cent for the ten-year period from 1982 to 1991, below the national average
of 4.2 per cent, as mentioned earlier in Section 3.3.1. The productivity indicator of
value added per worker, although an accepted economic indicator, has certain
limitations when applied to construction. This was the opinion of the Productivity
Taskforce, which gave the following reasons to substantiate the above statement:
• construction boom and bust cycles more severely affect value added;
• the value added method only measures site production which is difficult to
automate and therefore will always remain low; and
• value added can be eroded by increasing material costs over long construction
periods.
In view of the above limitations associated with the value added technique, the
taskforce recommended an additional productivity indicator (i.e. the area of built-up
construction per man-day). This indicator measures the on-site man-days needed to
construct a unit of completed floor area. The project is more productive if less site
workers are needed to put up the same amount of finished floor space. This
indicator applies only to building construction and, to be more meaningful, should
be obtained for various types of buildings, such residential, office and industrial,
which have varying quantities of finishes and building services.
Using square-metres per man-day as an indicator, the site construction productivity
in Singapore averaged 0.31 square metres per man-day over a five year period from
1986 to 1990 (Table 3.12). This is the productivity level for buildings on an
industry-wide basis. The average annual productivity values given in Table 3.12 are
very approximate as it would be difficult to account for all the workers in the
building sector, since returns given by contractors are for the whole construction
sector, which also includes civil engineering works. As from 1991, the CIDB
collected data for productivity computation based on building types, namely,
commercial, residential, industrial and institutional, with residential construction
being further divided into public and private sector projects. The productivity
values (square metres per man-day) from 1991 to 1994 are given in Table 3.13
(CIDB, 1995). The above table shows that productivity in terms of square metres
per man-day is highest for public residential construction, followed by industrial
buildings. As generally expected, private residential building construction has the
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lowest productivity. Public residential construction stands out as the most
productive, done to high buildability, defined as the ease with which a building can
be built. Further, public residential projects have less finishes and are generally
larger projects with simplified structural and other building components.
Table 3.12: Average annual productivity values in m2/man-day
Year Workers in building
sector
Floor area
completed (m2)
Productivity
(m2/man-day)
1986 64,657 6,139,126 0.316(a)
1987 52,110 5,090,426 0.326
1988 53,496 4,601,709 0.287
1989 60,041 4,996,401 0.277
1990 68,110 6,813,376 0.333
Average 0.308
m2/man-day
Source: CIDB Construction Productivity Task Force Report 1992
(a) :	 1986 Productivity — Completed floor area
Workers in sector x No.of working days in year
6,139,126
-
64,657 x 300
= 0.316 m2/man-day
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Table 3.13: Construction productivity for various building categories
Building
category
Productivity (m2/man-day)
1991 1992 1993 1994
Commercial 0.29 0.28 0.24 0.24
Residential
•	 Private sector 0.27 0.25 0.21 0.22
•	 Public sector 0.64 0.65 0.66 0.66
Industrial 0.38 0.40 0.40 0.36
Institutional 0.24 0.26 0.26 0.22
Overall 0.34 0.35 0.31 0.31
Source: CIDB Annual Report 1995
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CHAPTER 4
RESEARCH METHODOLOGY
4.1 INTRODUCTION
The research programme is twofold: firstly, to evaluate the perceptions of
contractors on issues pertaining to construction productivity in Singapore, and
secondly, to measure the construction productivity of building projects in the
country.
The first part of the research programme was executed through a postal survey of
the 130 top Civil Engineering and Building contractors registered with the
Construction Industry Development Board. The objectives of the above opinion
survey were to:
• identify factors that improve construction productivity; and
• identi ,-, and study various problems encountered by contractors at construction
sites.
The second part of the research programme identified suitable methods of
measuring construction productivity of building projects in Singapore and
subsequently involved collecting data and computing the actual construction
productivity of various on-going building projects. These productivity
measurements involved measuring the:
• overall productivity of selected building projects on a monthly basis; and
• productivity of three main structural items of work of selected building projects,
namely formwork installation, reinforcement placement and concreting.
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4.2 SURVEY QUESTIONNAIRE
4.2.1 Data collection
The first phase of the research programme involved evaluating the perceptions of
contractors with respect to construction productivity by way of a survey. Such
information can be collected by means of any of three different types of surveys:
• postal questionnaire;
• in-person interviews; and
• telephone interviews.
After careful consideration, it was decided to use the postal questionnaire for the
following reasons:
• Reduced interviewer's bias
The postal questionnaire exposes each respondent to precisely the same
wording on questions, and is not subject to interviewer bias in terms of voice
inflection or misreading of questions.
• Cost savings
Techniques other than postal questionnaires require the use of trained
interviewers, and the recruitment, training and employment of interviewers can
be quite costly. Access to respondents by post can be significantly less
expensive than travel costs for in-person interviews or toll charges for telephone
surveys.
• Convenience
The questionnaire can be completed at the convenience of the respondent.
• Ample amount of time
There is usually sufficient time to elaborate on answers and to consult personnel
records if necessary, in order to complete certain questions.
The postal questionnaire was drafted after a review of productivity improvement
surveys conducted on:
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• the US construction industry in the 1980's (Choromokos and McKee, 1981;
Arditi, 1985; Koehn and Caplan, 1987); and
• the manufacturing sector in Singapore in 1983 (National Productivity Board,
Singapore, 1984).
Some details of the above surveys are given at the beginning of Chapter 5.
A survey of Civil Engineering and Building contractors in Singapore was conducted
in November 1992, in conjunction with the 1992 Productivity Month. The
contractors selected were those in categories G7 and G8 who were registered with
the Construction Industry Development Board (CIDB). From the list of CIDB
registered contractors as at 31 March 1991, there were 36 Civil Engineering
Contractors and 32 General Building contractors under the G8 category, and 47
Civil Engineering Contractors and 26 General Building Contractors under the G7
category. As at 31 March 1991, G8 contractors were those who were eligible for
tendering Government and quasi-Government projects for contract sums exceeding
S$30 million (i.e. there is no limit to the size of contract in which G8 contractors
can tender). G7 contractors were those who were eligible to tender for contracts up
to a sum not exceeding S$30 million per tender. The survey form was divided into
the following two parts:
Part I:	 Factors important in improving construction productivity.
Part II:	 Problems encountered at construction sites.
In Part I, respondents were asked to rank as "Extremely important", "Very
Important", "Important", "Minimal Importance" or "No importance at all", against a
list of 63 items under ten categories:
• Attributes of managers and supervisors
• Work attitudes of site workers
• Head office/site office collaboration
• Guidance from consultants
• Collaboration with subcontractors and suppliers
• Site facilities and operations
• Material procurement
• Construction equipment
• Prefabrication
• Site safety / security
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In Part II of the survey, respondents were asked if they had encountered a list of 17
problems at construction sites and to rank their answers as "very often", "often",
"sometimes", "rarely" or "never". The 17 problems can be conveniently grouped
into the following three categories:
1. Manpower
1.1	 Recruitment of supervisors
1.2	 Recruitment of workers
1.3	 Labour turnover
1.4	 Absenteeism
1.5	 Communication problems with foreign workers
1.6	 Alcoholism and similar problems among workforce
1.7	 Labour disruptions
2. Management
2.1	 Material procurement
2.2	 Disruption of power/water supply
2.3	 Delays in material delivery to site
2.4	 Stop-work order due to site accidents
2.5	 Stoppage due to work rejected by consultants
2.6	 Stop-work order due to infringement of government
regulations
2.7	 Stoppage due to disputes with owners/consultants
2.8	 Stoppage due to insolvency of sub-contractors/suppliers
3. Environmental
3.1	 Health
3.2	 Inclement weather
In the final part of the survey questionnaire, respondents were also invited to
identify other problems that they had encountered at construction sites.
Upon completion of the draft of the questionnaire, the researcher proceeded with a
pretest before finalising and mailing the questionnaires. The research supervisor
and two construction engineers in Singapore were asked to comment and suggest
improvements to the questionnaire. The purpose of the pretest was to identify
those questions that would cause problems to the respondents, those questions that
were unclear and needed to be reworded, as well as new questions that needed to
be added or existing questions to be dropped.
Upon completion of the pretest, the questionnaire was finalised and then sent by
post to the contractors. Full details of the questionnaire are given in Appendix B.
63
4.2.2 Data analysis
The analysis of the survey returns included the computation of the importance index
for each item listed in the survey questionnaire. Details of the data analysis are
given in Chapters 5 and 6. Basically, the items listed within each category were
ranked based on their importance indexes. Each item was then briefly discussed
with respect to the local context and its importance index and ranking.
Non-parametric tests were also performed on the results obtained from the survey.
For this purpose, the respondents were separated into two groups, namely local
contractors and foreign contractors. The correlation between the order of ranking
given by these two groups of respondents was determined using the Spearman's
Rank Correlation Coefficient. A significance test was then conducted. In part I of
the survey, the significance test involved testing the null hypothesis that "local
contractors and foreign contractors do not agree on the order of ranking of items
that improve productivity". In part II of the survey, the significance test involved
testing the null hypothesis that "local contractors and foreign contractors do not
agree on the order of ranking of problems encountered at construction sites".
4.3 PRODUCTIVITY MEASUREMENT
4.3.1 Overall Construction Productivity
Many researchers have studied construction productivity at the micro-level by
observing work patterns and times taken for particular items of work. Price (1986)
evaluated productivity output for insitu concrete work by timing individual
operations of work in the concreting process. While it is useful to evaluate
construction work at micro-level, it is equally useful to consider the works at
macro-level. The research has identified the need to measure productivity of
building projects under two categories:
• overall construction productivity by measuring the completed floor area per
man-day (m2/man-day) for individual building projects under construction; and
• construction productivity of individual structural trades for formwork,
reinforcement and concreting.
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Under the first item above, C1DB has provided overall productivity data for five
categories of buildings from 1991 to 1994, as shown earlier in Table 3.13. These
building categories are:
• commercial buildings;
• residential buildings developed by the private sector;
• residential buildings developed by the public sector (i.e. the Housing and
Development Board, which is the national housing authority in Singapore);
• industrial buildings; and
• institutional buildings, such as schools, institutions of higher learning and
hospitals.
Data to enable computation of construction productivity for various projects were
requested from several contractors. By studying over 30 projects provided by the
contractors, 25 building projects that would fit into the study period were identified.
These projects were such as to be able to provide sufficient data for the research
programme.
Of the 25 projects selected for study, four projects were under the private
residential project category, 16 projects came under the public residential projects
category, and five came under the commercial buildings category. Industrial
buildings were not studied as they had short construction periods which meant that
it was not possible to study the monthly productivity variation over a substantial
period of time. Institutional buildings were also not selected for this research study
as they were generally low-rise buildings and usually had few typical floors
compared to the high-rise residential and commercial buildings. All the 25 projects
under study were multi-storey buildings and the following data were requested from
participating contractors and entered onto a standard form (Table 4.1):
• contract sum;
• contract period;
• total floor area;
• type of structural system used;
• type of formwork system adopted; and
• nature of external wall system used.
The monthly data gathered for each of the 25 projects included the following and
were entered onto a standard form on a quarterly basis (Table 4.2):
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To:
Table 4.1: Project details for building construction productivity
PART 1: PROJECT DETAILS
Project Name:
Location:
(A) CATEGORY OF PROJECT: (Please tick where applicable)
	1. Residential: Public	 2. Commercial
	
CI	 3. Industrial	 0
	
Private	 4. Institutional
	 5. Others
Others (please specify)
Contract period :
Total contract sum: ($)
Total floor area (m2)
Construction cost ($/m2)
(B)	 STRUCTURAL SYSTEM: (Please tick where applicable)
1. Structural steel
2. R.C. structure
2.1	 (a)	 Cast in-situ R.C.
(b) Ditto with some structural
precast components
(c) Full precast concrete structure
2.2	 Is prestress used in cast in-situ R.C.
structure?	 0 Yes
O 3.	 Any alternative design
adopted
4.	 Others (please speci6)
O No
(C) FORMWORK SYSTEM: (Please tick where applicable)
	1.	 Jump form
	
3.	 Table form
	
5.	 Others (please specify)
O 2.	 Slip form
O 4.	 Traditional timber
(D)	 EXTERNAL WALL: (Please tick where applicable)
1.	 Curtain wall	 0	 2.	 Precast concrete panel 0
3. Tiled / stone or other finishing precast concrete panel / formwork	 0
4. Brick / RC wall with plaster	 0	 5.	 Fair-face bricicwall
	 0
6.	 Others (please speciM 	
To:
Table 4.2: Site manpower for building construction productivity
PART 2 : Site Manpower
Company Name :
Project Name :
Contract Period:
	
From:
Trade MANPOWER USED (MAN-DAYS)
Mth:	 Yr: Mth:	 Yr: Mth:	 Yr:
1. Site Management Team
2. Structural works
Carpenters
Bar benders and fixers
Concretors
Precast erectors
Structural steel erectors
Structural steel fabricators
Ditto local off-site workers
Others
Sub-Total
3. Architectural works
Bricklayers
Scaffolders
Plasterers
Tilers/pavers
Cladding fixers
Partition erectors
Painters
Others
Sub-Total
4. Building Services
Plumbers
Electricians
Air-conditioning crew
Lift & Escalator crew
Others
Sub-Total
5. General
Plant Operators/drivers
General workers
Sub-Total
6 External Site Works
Structural Architectural trades
Landscaping works
Sub-Total
7. Total Manpower Used
8. Progress Claim
9. Progress Payment Certified
10. Cumulative Progress Payment
Certified
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Monthly manpower returns under the following work categories
• site management
• structural works
• architectural works
• building services
• general work
• external site works
(ii) Progress claims submitted by the contractor.
(iii) Progress payments certified by the Quantity Surveyor, acting for the
developer.
(iv) Cumulative progress payments certified.
When the data were received, they were typed and stored into the computer.
Summary sheets were then produced for each project under investigation (Table
4.3). To ensure accuracy of results, respondents were asked to take careful note of
the following definitions:
(i) Manpower used
This is to be reported in man-days (e.g. one man working 25 days in a
month should be reported as 25 man-days).
(ii) Total floor area
This refers to the total covered floor space within a building, including the
thickness of the external walls.
(iii) Manpower
The monthly manpower figures should include the subcontractors
manpower. The manpower for the site management team should comprise
the total number of site staff on the project, e.g. site manager, engineer,
foreman, quantity surveyor, site clerk and others.
(iv) Progress payment claims
The amount of monthly claims submitted by the contractor for a particular
month, which includes all nominated subcontractors and variation works (if
any), less retention sum.
(v) Progress payments certified
The amount of monthly progress payment certified by the consultant.
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(vi) Cumulative progress payments certified
The cumulative progress payment certified by the consultant, including the
current month's progress payment as defined in (v) above.
Details of the productivity measurements and computations, together with
discussion of the analysis, are given in Chapter 7.
4.3.2 Productivity of Structural Trades
In addition to evaluating the overall productivity of building projects under
construction, contractors should also be able to monitor the productivity of
individual trades. Amongst the various building trades, structural works such as
formwork erection, reinforcement assembly and concreting operations, can be
monitored to study their productivity performance. This research programme
concentrated on high-rise reinforced concrete buildings, of which there are currently
three basic structural floor systems used in Singapore. The systems are:
(0	 insitu reinforced concrete floors;
(ii) cast insitu post-tensioned concrete floors; and
(iii) precast concrete slabs with an insitu concrete topping, supported by precast
or insitu beams.
To enable easy comparison of productivity figures amongst high-rise buildings, the
research programme was restricted to the study of insitu floor systems, i.e. floor
systems (i) and (ii). The use of precast components as in floor system (iii), would
mean that a substantial amount of work for the building construction is being
performed in the factory. Under these circumstances, buildings using precast floor
components should be grouped separately when evaluating construction
productivity of the structural items.
In this section of the research programme, a few sites were identified and the
participating contractors were asked to complete manpower forms for formwork,
steel reinforcement and concreting (Table 4.4). A few typical floors were identified
for a high-rise building under construction, and the contractor noted the number of
workers per day working on formwork, reinforcement and at a later stage, on
concreting. The total manpower needed for each of the above three structural
trades was recorded for each floor. The total formwork area (m2), steel
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reinforcement (tonnes) and concrete volume (m 3) were also recorded for each floor.
With the above data, the productivity for the structural items for each floor could
be calculated
i.e.	 formwork 	 m2/man-day
reinforcement
	 tonnes/man-day
concreting 	 m3/man-day
The computed productivity figures of formwork, reinforcement and concreting
operations for various typical floors were then summarised, as shown in Table 4.5.
Details of the productivity measurements and computations, together with
discussion of the analysis are available in Chapter 8.
4.3.3 Case study
In order to elaborate upon the research on building productivity measurements
discussed in Chapters 7 and 8, a case study project was identified for detailed
investigation. This was a multi-storey public residential development in which an
11-storey building within the development was selected. The case study project
highlighted three productivity measurement methods in building construction,
namely:
productivity of overall completed floors;
(ii) productivity of completed structural floors; and
(iii) productivity of individual structural trades (i.e. formwork, reinforcement
and concreting works).
In addition to items (i) and (iii) discussed in Chapters 7 and 8 respectively, the case
study project collected additional data for computing the productivity of completed
structural floors, i.e. for item (ii) above. The computation is described in Chapter 9
of this thesis.
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CHAPTER 5
SURVEY ON CONSTRUCTION
PRODUCTIVITY IN SINGAPORE
(Part I)
5.1 INTRODUCTION
As part of the research on construction productivity, a survey was conducted to
obtain the perceptions of senior management of large civil engineering and building
contractors in Singapore. Several survey papers and reports were studied before
embarking on preparation of the survey questionnaire. It was finally decided to
base the format of the questionnaire on surveys conducted on:
• the US construction industry in the 1980's (Choromokos and McKee, 1981;
Arditi, 1985; Koehn and Caplan, 1987),
• the Singapore manufacturing sector in mid-1983 (National Productivity Board,
Singapore, 1984).
The information provided in the above documents was of direct use in preparing
statements for the construction productivity questionnaire. The paper by
Choromokos and McKee (1981), as well as that by Arditi (1985), described surveys
sent to executives from the US construction industry to seek their assistance in
identifying areas with the greatest potential for productivity improvement. These
research papers stressed that the survey replies based on the knowledge and
experience of these executives would represent the construction industry's views of
the areas in which productivity improvements were most needed. The surveys
conducted by the above researchers did not include any input from the operatives.
The survey by Koehn and Caplan (1987) was concerned with the productivity of
small to medium sized contractors and it:
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• highlighted an investigation that specifically identified those main-office and job-
site functions where there existed a high opportunity for productivity
improvement; and
• compared the findings with those reported earlier by Choromokos and McKee
(1981).
The National Productivity Board, Singapore (1984) published a report entitled
"Survey of Factors Affecting Productivity in the Manufacturing Sector", based on a
survey conducted in mid-1983. The objectives of the survey were to:
• identify factors that impede productivity in the manufacturing sector; and
• identify issues for the Committee on Productivity in the Manufacturing Sector
to study in greater depth.
A total of 130 companies in Singapore completed the questionnaire, giving a
response rate of 25 per cent. The questionnaires were completed by the chief
executives or senior personnel nominated by them. The executive summary of the
report acknowledged the following limitations:
• the survey reflected only the management's views, as the questionnaires were
completed by chief executives or senior managers; and
• in view of the limited response of the survey, the findings were not
representative of the entire manufacturing sector.
In spite of the above limitations, the Productivity Committee was satisfied that the
survey findings gave a general indication of problems existing in the manufacturing
sector. As for problems specific to each industrial grouping, the report stated that
further studies would have to be conducted.
Based on the information from the above documents, a questionnaire was
formulated in October 1992 and the questionnaire survey was conducted the
following month, in conjunction with the annual productivity month in Singapore.
The survey forms were posted to 130 top civil engineering and building contractors
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registered with the Construction Industry Development Board, Singapore, and the
companies were invited to return the completed forms within one month. Sixty-
seven companies responded before the dateline expired, giving a response rate of 51
per cent. The forms were completed by senior management staff, who gave their
names, designations and company names.
The survey was divided into two parts, with Parts I and II discussed in this chapter
and in Chapter 6 respectively.
5.2 FACTORS IMPORTANT IN IMPROVING CONSTRUCTION
PRODUCTIVITY
In Part I, respondents were asked to rank as "Extremely important", "Very
important", "Important", "Minimal importance" or "No importance at all", a list of
items which they considered as having an impact on construction productivity. At
the end of each section, the respondents were asked to record any other items
which they felt should also be included.
1. Attributes of Managers and Supervisors
1.1 Teamwork
1.2 Communication Skills
1.3 Initiative
1.4 Motivation
1.5 Commitment to company goals
1.6 Experience / knowledge / skills
1.7 Sense of responsibility
1.8 Ability to play bridging role between management and workers
1.9 Ability to train new employees
2. Work Attitudes of Site Workers
2.1 Good habits and work practices
2.2 Sense of responsibility
2.3 Pride and interest in work
2.4 Willingness to improve work attitudes
2.5 Co-operation with management
2.6 Willingness to perform overtime/shift work
2.7 Initiative
2.8 Motivation
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3. Head Office/Site Office Collaboration
3.1 Efficient communication between head office and site office
3.2 Timely recruitment of site personnel
3.3 Prompt payment of site staff salaries
3.4 Prompt despatch to site of changes in instructions/drawing amendments
3.5 Ample support from head office management
3.6 Prompt payment of sub-contractors/suppliers
4. Guidance from Consultants
4.1 Timely issue of drawings by consultants
4.2 Availability of detailed drawings
4.3 Availability of precise technical specifications
4.4 Availability of consultant's site staff to check work progress
4.5 Availability of consultant's site staff to clarify drawings/site instructions
4.6 Overall co-operation of consultant's site staff
5. Collaboration with Subcontractors and Suppliers
5.1 Co-operation from sub-contractors
5.2 Co-operation from suppliers
5.3 Good, long-lasting rapport with subcontractors/suppliers
5.4 Efficient service by external maintenance/repair personnel
6. Site facilities and operations
6.1 Availability of on-site clerical staff
6.2 Availability of telephone extensions/fax machines/photocopiers
6.3 Availability of computers on site
6.4 Sufficient floor area in site office
6.5 Availability of washrooms/toilets/vehicle wash areas
6.6 Sufficient canteen area/food vendors on site
6.7 Availability of accommodation for foreign workers
6.8 Availability of transportation for workers to and from site
6.9 Issuing of correct site instructions to workers
6.10 Maintenance of proper records
7. Material Procurement
7.1 Timely delivery of materials to site
7.2 Sufficient storage area for incoming materials
7.3 Materials delivered in good condition
7.4 Sufficient stock of materials on site
7.5 Loading/unloading facilities on site
8. Construction Equipment
8.1 Availability/reliability of tower cranes
8.2 Availability/reliability of workers' lifts
8.3 Availability/reliability of concrete pumps
8.4 Availability/reliability of other equipment (e.g. mobile cranes,
excavators, dump trucks)
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8.5 Regular maintenance of plant and equipment
8.6 Fast and efficient repair of plant and equipment
9. Prefabrication
9.1 Preassembly of reinforcement (preassembled in cages off-site)
9.2 Formwork prefabricated off-site
9.3 Use of precast concrete elements
10. Site Safety / Security
10.1 Adequate site security arrangements
10.2 Adequate lighting facilities for night work
10.3 Adequate safety notices on site
10.4 Sufficient stock of safety items
10.5 Deployment of security/safety officers
10.6 Good housekeeping
The ranking (or scale) given by respondents for items on the survey questionnaire
represented the degree of importance (from a scale of one to five) given to each of
these items. Such a ranking or scale method is known as a Likert Scale. Aaker and
Day (1990) noted that a Likert Scale required a respondent to indicate a degree of
agreement on disagreement with a variety of statements related to the attitude
object. In the case of this productivity questionnaire, respondents were asked to
rank the degree of importance to a variety of items related to productivity issues.
The "Importance index" was calculated for each item by using the formula:
5n + 4n2 + 3113 ± 2n4 + n5 Importance Index —
5	 + n2 + 113 ± n4 + 115)
... (5.1)
where n1	=	 frequency of "extremely important" responses
n2	=	 frequency of "very important" responses
=113	frequency of "important" responses
na	 =	 frequency of "minimal importance" responses
=n5
	frequency of "no importance at all" responses
• The importance index is often used by researchers who conduct surveys using the
Likert Scale. Bubshait and Al-Musthd (1992) used a scale of one to five for five
response categories, namely "always", "often", "sometimes", "rarely" and "never".
Shash and Abdul-Hadi (1992) used a scale of one to seven for seven response
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categories in their survey questionnaire, ranging from "most important" to "least
important".
5.3 ATTRIBUTES OF MANAGERS AND SUPERVISORS
The survey results on the attributes of managers and supervisors are given in Table
5.1 and Figure 5.1.
5.3.1 Teamwork (Importance Index = 0.907)
Out of the 9 items identified in the survey, teamwork scored an importance index of
0.907, and was identified as being the most essential attribute of managers and
supervisors. Sixty-one per cent of respondents rated teamwork as extremely
important and 31 per cent ranked it as very important. By and large, everyone in an
industrial organisation is a member of the team, the construction industry being no
exception. Managers, supervisors and workers should not work in isolation. Co-
ordinating the work of an individual with that of the entire team is essential. The
individual should perform his/her work in such a manner as to make the maximum
possible contribution to the team. The success of teamwork in the construction
industry varies from company to company. The first requirement is that the
members should comprehend clearly and accept fully, the objectives of the team.
The members should also have a mutual understanding, without which there will be
little co-operation.
5.3.2 Responsibility (Importance Index = 0.845)
Thirty-seven per cent of respondents identified responsibility as being extremely
important and 48 per cent regarded it as being very important. Responsibility refers
to the liability of a person to be called to account for his/her actions and decisions.
It is an important consideration as construction projects usually involve millions of
dollars and developers would like to have their projects delivered on time, within
the stipulated budget and be of a high quality. Developers obviously cannot allow
their projects to be run by irresponsible managers and supervisors.
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Table 5.1: Attributes of managers and supervisors in improving construction
productivity
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Teamwork 41 21 5 0 0 67 0.907 (1)
61% 31% 7% 0% 0%
Sense of responsibility 25 32 10 0 0 67 0.845 (2)
37% 48% 15% 0% 0%
Initiative 17 33 16 0 0 66 0.803 (3)
26% 50% 24% 0% 0%
Commitment to company 20 28 17 2 0 67 0.791 (4)
goals 30% 42% 25% 3% 0
Motivation 12 37 16 1 0 66 0.782 (5)
18% 56% 24% 2% 0%
Communication skills 13 34 18 2 0 67 0.773 (6)
19% 51% 27% 3% 0%
Experience/knowledge/skills 14 26 26 0 0 66 0.764 (7)
21% 39% 39% 0% 0%
Ability to play bridging role
between management and 5 29 27 4 0 65 0.708 (8)
workers 8% 45% 41% 6% 0%
Ability to train new 2 26 28 10 0 66 0.661 (9)
employees 3% 39% 42% 15% 0%
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5.3.3 Initiative (Importance Index = 0.803)
The item "initiative" has been ranked third by the respondents. Twenty-six per cent
rated initiative as being extremely important, 50 per cent regarded it as being very
important and 24 per cent put it as being important.
Initiative is the ability to make decisions or take action using one's own judgement
and without being prompted. Certain situations at construction sites require quick
decisions from management and supervisory staff However, wrong decisions do
have repercussions, hence it is important that one's initiative in taking a certain
action be supported by sound knowledge and correct judgement.
5.3.4 Commitment to company goals (Importance Index = 0.791)
The item "commitment to company goals" is listed fourth in ranking. Company
success will depend on commitment of staff to company goals. However, before
one can be committed to company goals, one must have the sense of belonging to
the company. The present practice of job-hopping amongst new graduates in the
Singapore construction industry will not enhance commitment to company
objectives. Construction companies face the challenge of retaining trained civil
engineers, builders and other professionals within their organisations. On one hand
contractors are losing local professionals to their competitors, on the other hand,
some of the professionals are leaving the industry to join other professions like
sales, banking and insurance. Solutions must be found to motivate young
professionals in Singapore so that they will be committed to company objectives.
5.3.5 Motivation (Importance Index = 0.782)
Motivation is the inner drive that causes one to excel. Motivation can be derived
through job satisfaction, improved job prospects and monetary rewards. Eighteen
per cent of the respondents ranked motivation as extremely important in promoting
productivity, 56 per cent ranked it as being very important and 24 per cent rated it
as being important.
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Obviously, each company will have its own incentives to promote motivation
amongst its staff, but every individual has to ask himself what his own needs and
aspirations are within his profession.
5.3.6 Communication skills (Importance Index = 0.773)
The most basic definition of communication is the transmission of exchange or
information. Communication embraces a wide spectrum of activities in
organisations, both in the way the organisation as an entity communicates with
outsiders, and the way in which individuals within the organisation communicate
with each other. Managers and supervisors of construction companies must
communicate with representatives of the developers, consultants, suppliers, sub-
contractors and government authorities. They also have to communicate amongst
themselves and with the workers.
Communication skills have been ranked sixth in order of importance. Nineteen per
cent of respondents ranked communication skills as being extremely important, 51
per cent as being very important and 27 per cent as being important.
5.3.7 Experience / Knowledge / Skills (Importance Index = 0.764)
This item is ranked seventh: 21 per cent of respondents regarded this issue as being
extremely important and 39 per cent ranked it as being very important. The word
competence can be said to encompass experience, knowledge and skills. It is
through competence that managers and supervisors can best preserve their real
authority. Without competence, the authority of a manager remains nominal and
few subordinates will seek his advice and guidance. Experience can only be
achieved through years of work exposure. Knowledge and skills carry with them
their own stamp of authority and must be upgraded through constant learning.
5.3.8 Ability to Play a Bridging Role (Importance Index = 0.708)
The ability to bridge the role between management and workers would result in
effective communication and interaction between supervisors and workers. It
would also promote harmonious labour-management relations, enhance long-term
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commitment to company goals and promote company loyalty.
Only 8 per cent of respondents felt that it was extremely important for managers
and supervisors to be able to bridge the role between management and workers.
Forty-five per cent rated this item as being very important while 41 per cent rated it
as being important. As the majority of workers are foreign workers with no long-
term commitment to company goals, it would be appropriate to state that there is
no great need to explain company policies to workers and to expect company
loyalty. Under such circumstances, the main task of management would be limited
to ensuring that supervisors impart correct instructions to workers and that work is
satisfactorily executed.
5.3.9 Ability to Train New Employees (Importance Index = 0.661)
Staff training can be grouped into training for professional and technical staff as
well as for workers.
Training for professionals would be in construction management and contract
administration, while for technical staff; it would be in site supervision. As for
workers, training in their respective work disciplines such as structural, architectural
or mechanical and electrical services, would be useful.
If employers invest more in staff training and development, it would make jobs in
construction more attractive and result in better retention of employees. A
manpower survey conducted by the CIDB in July 1991, reported that 62 per cent of
contractors viewed training as an investment, while 38 per cent still viewed it as an
expenditure. It is estimated that each contractor spent an average of S$600 per
professional staff and S$500 per technical staff in 1990, for training purposes.
Although no comparative figures are available on training of construction workers,
contractors have been sending tradesmen to the Construction Industry Training
Institute for training in their respective trades. The CIDB reported in its 1994
Annual Report that a total of 16,371 workers have been certified as skilled workers
as at 31 March 1994. This figure is about 10 per cent of the total number of
construction workers. The remainder of the workers (90%) are considered
unskilled and this figure is high, compared to the industrialised countries. In order
to discourage the employment of unskilled foreign workers, the Singapore
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government imposes a monthly levy of S$440/- to be paid by contractors for each
unskilled foreign worker. The corresponding figure for each skilled foreign worker
is S$200/-. This two-tier levy is to urge contractors to employ skilled foreign
workers and also to have their unskilled foreign workers trained and to pass the
ClDB trade test. The CIDB reported in its 1992 Annual Report that its medium-
term target was to raise the number of certified skilled workers in the construction
industry from 12,200 in 1991, to 24,000 in 1995.
In this survey, only three per cent of respondents rated the ability to train new
employees as being extremely important, 39 per cent regarded it as very important,
while 15 per cent rated it as being of minimal importance. One reason for this item
to be ranked last on the list of nine items could be that projects often have to be
completed on tight schedules and hence there is no available time nor manpower to
provide in-house training. However, this practice should not deter young talent
from joining the industry, since professional and technical staff are sent on courses
conducted by the ClDB, the Singapore Contractors Association, the local
universities and polytechnics and other commercial organisations.
Supervisors who do not possess a diploma from the local polytechnics are sent to
attend the National Certificate in Construction Supervision (NCCS) courses
conducted by the CIDB. The CIDB reported in its 1994 Annual Report that a total
of 2,328 supervisors had graduated since the launch of the NCCS courses in
October 1987 until the end of March 1994.
5.3.10 Comments by Respondents
Some respondents commented that managers and supervisors should also posses:
(i) the ability to maintain regular communication with workers;
(ii) an interest in the welfare of workers; and
(iii) leadership qualities.
Regular communication with workers is important, and it is more so when the local
construction industry has so many foreign workers from different countries,
speaking different languages. The CIDB reported in its 1994 Manpower Survey
that the biggest block of foreign workers comprised Thais who constituted 38 per
cent of the total number of construction workers, followed by Malaysians (30%),
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Bangladeshis (7%) and other nationalities. Knowing the benefits of good
communication, the foremen of some construction companies were reported to have
learnt the Thai language to enable them to speak to their workers from Thailand.
With regard to an interest in the welfare of workers, this would be related to the
facilities provided on the site and would include the following:
• first-aid rooms;
• washing facilities;
• sanitary conveniences;
• canteens;
• safe access around the site;
• adequate shelter from inclement weather;
• accommodation for foreign workers; and
• transportation to and from construction site to place of residence.
In conjunction with the welfare of workers, contractors must ensure that the health
of the workers is safe guarded against the many hazards encountered in
construction work, which may cause, if such hazards are permitted, long-lasting
damage to health.
There are strict regulations in Singapore pertaining to the safety and health of
workers, and obviously the level of compliance will depend on individual
contractors. Severe penalties are provided for breach of regulations and contractors
have, from time to time, been charged in court for health and safety-related
offences.
The third item identified by respondents is the possession of leadership qualities.
Such qualities are many and perhaps no one leader would posses all these qualities
to become an ideal leader. Some of the qualities of a good leader would include
integrity, self-confidence, decisiveness, courage, diligence and initiative. On the
construction site, some examples a leader could set would be to:
• be precise in giving instructions;
• attend to site and staff problems promptly;
• be prepared to delegate work and trust subordinates;
• maintain respect and loyalty from site staff;
• show sound judgement, and not favouritism, in dealing with grievances or
disputes between individuals; and
• be able to work with a measure of autonomy.
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5.4 WORK ATTITUDES OF SITE WORKERS
The survey results on work attitudes of site workers are shown in Table 5.2 and
Figure 5.2. Before commencing to discuss the survey results, it is useful to briefly
describe the profile of the construction workers. As mentioned earlier in Section
1.2, over 80 per cent of the woikforce comprise foreign workers.
Locals continue to dominate building services and plant/equipment operation trades.
Foreign workers are employed mainly in structural trades and as general workers.
The construction industry in Singapore needs to upgrade the skills of its workforce
and to prefer skilled foreign workers over unskilled ones in order to:
• raise construction quality and productivity; and
• reduce its dependency on unskilled foreign labour.
In the long-term, the construction industry cannot rely on a large and steady stream
of foreign workers to meet the industry's labour needs. Contractors will have to
find new solutions to reduce their labour needs, especially the dependency on cheap
labour. From the survey, the four most important work attitudes are:
• a sense of responsibility (Importance index: 0.812);
• good habits and work practices (Importance index: 0.773);
• the willingness to improve work attitudes (Importance index: 0.767); and
• co-operation with management (Importance index: 0.743).
The respondents of the survey, who are in top management positions stressed that
responsibility among workers was just as important as responsibility amongst
managers and supervisors. Thirty per cent believed that responsibility among
workers was extremely important and 46 per cent stated that this attribute was very
important. Good habits and work practices, together with the willingness to
improve work attitudes were also given high ranking. Good work habits and the
willingness to improve work attitudes are important in enhancing construction
productivity and work quality. Indeed, productivity and quality are both lacking in
the construction industry and have resulted in users of buildings making complaints
of shoddy workmanship. Ranked fourth in order of importance is co-operation with
management. Although there are no unions in the construction industry, 12 per
cent of respondents believed that it was extremely important for workers to co-
operate with management, while 51 per cent believed this co-operation to be very
important.
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Table 5.2: Attitudes of site workers in improving construction productivity
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Sense of responsibility 20 31 16 0 0 67 0.812 (1)
30% 46% 24% 0% 0%
Good habits and work 19 33 14 0 0 66 0.773 (2)
practices 29% 50% 21% 0% 0%
Willingness to improve 9 37 20 0 0 66 0.767 (3)
work attitudes 14% 56% 30% 0% 0%
Co-operation with 8 34 24 1 0 67 0.743 (4)
management 12% 51% 36% 1% 0%
Pride and interest in 7 32 24 2 1 66 0.727 (5)
work 11% 48% 36% 3% 2%
Motivation 5 22 36 3 0 66 0.688 (6)
8% 33% 54% 5% 0%
Willingness to perform 4 28 28 7 0 67 0.687 (7)
overtime / shift work 6% 42% 42% 10% 0%
Initiative 8 19 33 7 0 67 0.684 (8)
12% 28% 50% 10% 0%
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The other four items of importance are:
• pride and interest in work (Importance index: 0.727);
• motivation (Importance index: 0.688);
• the willingness to perform overtime/shift work (Importance index: 0.687); and
• initiative (Importance index: 0.684).
Initiative is ranked last in the list of eight items, and this is not surprising since
management would be quite contented to have workers with good work practices, a
sense of responsibility and the willingness to improve work attitudes. It is more
appropriate to have managers and supervisors take the initiative as they are the ones
who have authority and are directly answerable to the company.
It is surprising to note that respondents have not placed much emphasis on the
willingness of workers to perform overtime/shift work. It has been observed that
many sites work late into the night and it would be expected that top management
would require workers to perform overtime/shift work in order to keep projects on
schedule.
Respondents also identified the following attributes of workers in improving
construction productivity:
• the ability to understand and follow instructions;
• a readiness to learn new work methods; and
• an awareness of safe work practices.
The ability of workers to understand and follow instructions will obviously be
linked to their language and communication skills in relating to the site supervisors.
As mentioned earlier, the use of many languages on site does result in
communication problems and hence lowers productivity. With so many foreign
workers who are unable to read basic drawings, the problem of miscommunication
will remain on site until the educational levels of these workers improve.
As for workers being keen to learn new work methods, it all depends on the
initiative of the individual workers and the rapport between them and the
supervisors. The third item mentioned is the awareness of safe work practices.
This item is important if we are to reduce the number of accidents on site. Indeed,
it has been shown that more site accidents occur due to human error than to
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machine or material failure. Some of the accidents that have occurred in Singapore
involve objects falling from high-rise buildings, slope failure in earthworks and
excavation, as well as the collapse of support scaffolding during concreting
operations.
5.5 HEAD OFFICE / SITE OFFICE COLLABORATION
The survey results for head office/site office collaboration are shown in Table 5.3
and Figure 5.3. Close collaboration between the contractor's head office and the
site office should have the single objective of enhancing productivity on site.
Internal communication links do exist between the site office and the various
departments in the contractor's head office and these are:
• the contracts department;
• the planning department;
• the personnel department;
• the estimating department;
• the purchasing department;
• the finance and wages department;
• the plant department; and
• the quantity surveying department.
With close collaboration and communication between site and head office, the
contractor is well equipped within its own organisation to succeed on a
construction project. The respondents were requested to rank six items which they
considered as being important in enhancing head office/site office collaboration.
The six items were ranked by the respondents in order of importance as follows:
• prompt despatch to site of changes in instructions/drawing amendments
(Importance index = 0.867);
• efficient communication between head office and site office (Importance index =
0.812);
• prompt payment of sub-contractors/suppliers (Importance index = 0.806);
• prompt payment of site staff salaries (Importance index = 0.782);
• ample support from head office management (Importance index = 0.761);
• timely recruitment of site personnel (Importance index = 0.706).
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Table 5.3: Importance of head office/site office collaboration in construction
productivity
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Prompt despatch to site of changes in 34 22 9 1 0 66 0.867 (1)
instructions/drawing amendments 52% 33% 14% 1% 0%
Efficient communication between 25 27 10 4 1 67 0.812 (2)
head office and site office 37% 40% 15% 6% 1%
Prompt payment to sub-contractors/ 16 37 12 1 0 66 0.806 (3)
suppliers 25% 56% 18% 1% 0%
Prompt payment of site staff 15 33 16 1 1 66 0.782 (4)
salaries 23% 50% 24% 1% 1%
Ample support from head office 14 30 17 5 0 66 0.761 (5)
management 21% 45% 26% 8% 0%
Timely recruitment of site 9 37 20 0 0 66 0.706 (6)
personnel 14% 56% 30% 0% 0%
5.5.1 Prompt despatch to site of changes in instructions/drawing amend-
ments (Importance index = 0.867)
The respondents ranked prompt despatch to site of changes in instructions/drawing
amendments as the most important. With the urgency to complete construction
projects on schedule or face liquidated damages, many site staff are under constant
pressure to produce satisfactory work within the time-frame stipulated by the
architect/engineer. Hence, such drawings must reach the site on time, so that work
can be properly scheduled to meet datelines. If there be any changes in instructions
or drawing amendments, it is very important that they be despatched quickly to the
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site, otherwise the site agent is often tempted to request the architect/engineer for
an extension in project deadline, due to the late notification of changes in
instructions or the late issue of drawings/drawing amendments.
Indeed, this frequent urgency to complete projects on schedule, often results in
poor relationship between the contractor and the architect/engineer, in addition to
poor workmanship. The normal procedure for issuing instructions to the site is
through the contractor's head office, which receives the instructions/drawings from
the architect/engineer. The efficient despatch of information to the site, therefore,
depends on the efforts made by the head office. However, there are also instances
where the drawings are despatched direct from the architect/engineer to the
contractor's site office, in which case the onus is on the architect/engineer to
despatch the information to the site on time.
5.5.2 Efficient communication between head office and site office
(Importance index = 0.812)
The need for efficient communication between the head office and the site office is
ranked second in importance. The most basic definition of communication is the
transmission or exchange of information. Efficient communication is important for
the following reasons:
• establishing and maintaining good relationships;
• establishing understanding;
• exchanging information, ideas and attitudes;
• making known needs and requirements; and
• initiating action by request, instruction or persuasion.
In this survey, 37 per cent of respondents rated on efficient communication between
head office and site office as extremely important, while 40 per cent rated it as very
important.
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5.5.3 Ample support from head office management
(Importance index = 0.761)
Twenty-one per cent of respondents ranked this item as extremely important, and
45 per cent considered it as very important. The contractor is responsible for
constructing and maintaining the project in accordance with the requirements of the
contract documents. Though the contractor's head office controls the project, the
site office plays a key role in ensuring that work goes on as scheduled, and to the
satisfaction of the owner. In order to play an effective role, the site office must
receive ample support from the head office management. The contractor's head
office negotiates details of the contract with the owner and its consultants, and
agrees on the overall works programme. The contractor's site office works within
the framework set by the head office and it must receive ample support by way of
personnel, plant and equipment and materials.
Rifts do occasionally occur between head office and site office when, for example,
key personnel are pulled out from one site and, sent to another site, with short
notice. At other times, the head office's requests for plant and equipment to be
withdrawn from one site and sent to another site, causes disruption and delay on the
first site. This happens to mobile equipment such as excavators, bull-dozers, mobile
cranes and power generators. In this current construction boom in Singapore,
some contractors who have overstretched their resources tend to resort to
transferring equipment from one site to another. This practice keeps overheads
low, but may be unsatisfactory, if resources are stretched to the limit.
5.5.4 Prompt payment of site staff salaries (Importance index = 0.782)
Twenty-three per cent of respondents indicated that this item is extremely
important, while 50 per cent stated it to be very important. Permanent site staff
would normally have their salaries credited direct into their individual bank accounts
from the contractor's bank. This arrangement is very satisfactory and enhances
Singapore's aim to encourage cashless transactions. This is an excellent idea as it
eliminates cash transactions and does not attract payroll robbers. However, daily-
rated workers and those employed by domestic sub-contractors are still being paid
cash as many of these lower-income workers do not have bank accounts.
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5.5.5 Prompt payment to sub-contractors/suppliers
(Importance index = 0.806)
Close collaboration between site office and head office is important in ensuring
prompt payment to the sub-contractors and the suppliers. Twenty-five per cent of
respondents ranked this item as extremely important and 56 per cent as very
important. It is the usual practice for the site office to notify the head office of the
amount of work executed monthly by the sub-contractors and of the quantities of
materials received from the suppliers. It is not advisable to delay payments to the
sub-contractors/suppliers, as money will always be needed for their operations.
Main contractors should never attempt to underpay sub-contractors in terms of
work done and time scale, provided the work is in accordance with the contract.
Underpayment may lead to the smaller sub-contractors getting into financial
difficulties. Similarly, contractors should not delay payment to suppliers beyond the
usual 30-day grace period.
5.5.6 Timely recruitment of site personnel (Importance index = 0.706)
Fourteen per cent of respondents rated this item as extremely important, and 56 per
cent as very important. With the tight labour market in Singapore, it is presently
very difficult to recruit construction personnel and this includes managers,
supervisors as well as workers. Contractors have to advertise several times in the
newspapers before being able to recruit engineers, architects, surveyors and site
supervisors. This is the reason why the contractor's head office is sometimes unable
to deploy site personnel promptly inspite of staff shortage at various construction
sites. In desperate situations, the head office even resorts to transferring site
personnel from one site to another. This practice of staff "pinching" is definitely not
in the best interest of the construction company and will only lower staff morale.
5.6 GUIDANCE FROM CONSULTANTS
The survey results on guidance from consultants are shown in Table 5.4 and Figure
5.4. In the traditional construct-only contracts, the consultants and the contractor
are employed by the developer and there is a great need for both parties to work in
close co-operation and to understand the problems that the other has to encounter.
Any advice, assistance and cooperation offered to the contractor in his execution of
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the work is likely to benefit not only the contractor, but also the consultants and the
developer. Likewise, any advice and assistance given by the contractor to the
engineer should benefit all parties. It is the duty of the site agent, representing the
contractor, and the architect's/engineer's site staff, representing the developers, to
ensure that the project is built in accordance with the specifications and the
drawings. Experience, common sense and judgement are needed in the execution of
this duty. Both parties must exercise teamwork and co-operation and avoid
confrontation, which in most cases is detrimental to the project. The
architect's/engineer's unique position enables him to deal with circumstances which
may arise during construction. Difficulties should be resolved promptly and in such
a manner as to maintain acceptable progress of the construction work. The trust
that the developer and the contractor have in the objective attitude of the
architect/engineer, will have a positive effect on site relationships, and lead to the
satisfactory completion of the project.
Table 5.4: Importance of guidance from consultants in construction
productivity
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Timely issue of drawings by 36 25 6 0 0 67 0.890 (1)
consultants 54% 37% 9% 0% 0%
Overall co-operation of consultant's 37 21 8 0 0 66 0.888 (2)
site staff 56% 32% 12% 0% 0%
Availability of detailed drawings 28 30 8 1 0 67 0.854 (3)
42% 45% 12% 1% 0%
Availability of precise technical 18 33 15 1 0 67 0.803 (4)
specifications 27% 49% 23% 1% 0%
Availability of consultant's site staff 20 29 16 2 0 67 0.800 (5)
to clarify drawings / site instructions 30% 43% 24% 3% 0%
Availability of consultant's site staff 14 25 20 7 1 67 0.731 (6)
to check work progress 21% 37% 30% 11% 1%
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The contractor is responsible for constructing the works in accordance with the
needs of the contract. There should exist a strong bond of common interest
between the consultants and the contractor, because both should have the desire to
ensure the successful materialisation of the project. However, the independence of
the other party should be respected, as each is entitled to his own freedom of
outlook and individuality.
5.6.1 Timely issue of drawings from consultants (Importance index = 0.89)
The respondents ranked the timely issue of drawings as the most important of the
six items under review. Fifty-four per cent of respondents ranked this item as
extremely important, while 37 per cent said it was very important. Contract
drawings show the nature and scope of the required project work and ideally should
be completed before the contract goes to tender. This is not possible for large
projects, but the general layout drawings and as many of the details as possible
should be provided to enable the contractor to price the bill of quantities. Once the
project is under way, further drawings should be produced and despatched to the
contractor without delay in order that he may complete the work speedily and
satisfactorily.
Sometimes, misunderstandings arise due to the late issue of drawings to the
contractors. It is likely that contractors who often receive drawings late will make a
claim for delays, as such incidents will not enable them to complete their projects on
schedule. Disputes arise when the consultant's site staff insist that the late issue of a
few drawings should not in any way hinder progress as the contractor has enough
drawings for other parts of the project to be constructed. In such cases, the
consultant's site staff must observe constant supervision of the project to ascertain if
indeed the late issue of a few drawings would in fact hinder progress. The site staff
do have to evaluate the above problems on a case-by-case basis, and are expected
to act "impartially, honestly and with professional integrity, towards both parties to
the contract".
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5.6.2 Availability of detailed drawings (Importance index: 0.854)
Forty-two per cent of respondents ranked this item as extremely important while 45
per cent ranked it as being very important. In the traditional construct-only
contracts, it is obvious that contractors would want to receive as many details as
possible in the drawings, otherwise extra time would be spent seeking such
information from the consultants or their site staff.
If insufficient details are given, it is usual for contractors to first request for extra
information from the consultant's site staff In most cases, the resident architect or
the resident engineer will consult his respective design office and then request for
details to be incorporated in an amended drawing. If details are not too complex,
the resident architect/resident engineer may make sketches and issue them to the
contractor, while at the same time extending a copy of the sketches to the design
office for the details to be incorporated at a later date.
Drawings should contain sufficient descriptions and explanatory notes and
dimensions to ensure that quantities are taken off accurately and that work is set out
correctly. Particular care should be taken to ensure the identification of new and
existing work, and that where applicable, existing sewers, services and foundations
are indicated. Drawings should show locality, layout, dimensions and brief
descriptions of the work, but generally, little more, as there are limitations to the
amount of detailed information that can be included in any drawing. If all the
architect's/engineer's needs were included, there would soon be more written
information than drawings, and hence these requirements should be set out in a
separate document which we call the contract specifications.
5.6.3 Availability of precise technical specifications
(Importance index = 0.803)
Twenty-seven per cent of respondents ranked this item as extremely important
while 49 per cent ranked it as being very important. Specifications inform the
contractor of the precise requirements of the architect/engineer in respect of the
various operations and areas of work that are contained in the contract.
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Drawings identify the items to be constructed, while specifications inform the
contractor how they are to be built, the standards required and the quality of
workmanship and materials. There are standard specifications to assist the
architect/engineer in preparing contracts. In addition, many organisations have their
own libraries of specification clauses, which have been built up over a number of
years. Some specification clauses may not be strictly applicable and should be
excluded from standard specifications. Where this is the case, it is necessary for the
architect/engineer to write additional or substitute clauses.
Architects/engineers who write specifications for contracts executed in Singapore
should be aware of the need to include substitute clauses, where necessary, to suit
the local context. In concreting works, for example, specifications taken from
contracts written for projects in the temperate zone may not be totally applicable in
Singapore's hot, humid, climatic conditions, and hence some clauses have to be
modified. Engineers should be aware that there are some special problems involved
in concreting in hot weather, arising both from the higher temperature of the
concrete and, in many cases, from an increased rate of evaporation of water from
the fresh mix. These problems may concern the mixing, placing and curing of
concrete, and engineers should take these factors into consideration when writing
specifications for concreting works in Singapore.
5.6.4 Overall co-operation of consultant's site staff
(Importance index = 0.888)
This item was ranked second in overall importance and 56 per cent of respondents
regarded it as being extremely important, and 32 per cent as being very important.
The consultant's site staff comprises the resident architect/the resident engineer and
the clerk-of-works. The exact number of employees representing the developers on
site, i.e. the consultant's site staff, depends on the size of the project.
Under the 1989 Building Control Regulations (Government of Singapore, 1989), a
resident engineer must be employed to supervise structural works on projects which
cost over S$10 million and a clerk-of-works is needed for projects costing not more
than S$10 million. The principal duties of the consultant's site staff include:
• supervising the works to check that they are executed correctly, and that the
materials comply with the specifications;
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• executing and/or supervising tests carried out on the site, and to inspect
materials and products at source, where this is not done by the engineer's head
office staff;
• examining the methods proposed by the contractor for the execution of the
works, the main objective being to ensure the safe and satisfactory construction
of the permanent work; and
• keeping a record containing a detailed account of the work executed, and of all
events at the site; and to submit periodic reports to the engineer.
The overall co-operation of the consultant's site staff will certainly lead to the
successful completion of a project. There are many areas of co-operation between
the site staff of the consultants and those of the contractors. One area of co-
operation would call for the consultant's site staff to scrutinize with care the
drawings of temporary works submitted by the contractor, though this check in no
way relieves the contractor of his responsibility for the adequacy of the design and
the construction of the temporary works. This responsible act on the part of the
site staff in discharging their professional responsibilities, will certainly contribute to
the satisfactory execution of the project.
5.6.5 Availability of consultant's site staff to check work progress
(Importance index = 0.731)
Twenty-one per cent of respondents ranked this item as extremely important and 37
per cent as very important. Interestingly, 11 per cent ranked this item as being of
minimal importance. One of the principal duties of the consultant's site staff is to
supervise the works, to ensure that they are executed correctly and that the
materials and workmanship comply with the specifications. It is the contractor's
duty to ensure that every facility is made available to the consultant's site staff, to
enable them to inspect the materials and the construction at all stages, both on and
off the site.
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The availability of the consultant's site staff will obviously be linked to the number
of technical staff members employed in relation to the size of the project. If there is
a sufficient number of competent personnel, there should be no reason why they
should not be available to check work progress. g on the other hand, the numbers
are small in relation to the project size, and the complexity and urgency of the
works, then the contractor may sometimes be unable to find available consultant's
site staff to check the works. In reinforced concrete construction, the consultant's
site staff normally checks the structural drawings against the actual works to ensure
that the correct numbers, diameters and lengths of rebars are used before the
commencement of concreting. The quality of the reinforcement used is also
checked on site through visual inspection, and samples are also sent to the
laboratory to test the strength of the bars. The consultant's site staff also check the
setting out of the works, although most conditions of contract clearly states that the
responsibility for setting-out rests entirely with the contractor.
Though the majority of contractors get along with the consultant's site staff, some
contractors believe that they are sometimes unnecessarily difficult to work with and
are too strict in the supervision. As the resident engineer has the authority to insist
on compliance of specifications before giving approval for commencement of
concreting, his greatest difficulty will always be with the borderline cases. For
instance, he can be accused of causing delay should he hold up the concreting
works, because of the state of corrosion of the reinforcement. If on the other hand,
he should allow concreting of a structure, where badly corroded bars are used, he
would then be liable for a poorly constructed structure, using inferior quality
reinforcement.
The consultant's staff who wilfully delay works progress by deliberately rejecting
works, or not making themselves available, will only destroy any goodwill and co-
operation that exists on site. Often, the developers would have built up good
relations with certain contractors from past projects, and certainly would not wish
to have their projects jeopardised by inconsiderate representatives of the
consultants.
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5.6.6 Availability of consultant's site staff to clarify drawings/site
instructions (Importance index: 0.80)
Thirty per cent of respondents ranked this item as extremely important, and 43 per
cent as very important. Drawings that are well-prepared should require little or no
clarification. When the consultant's head office is understaffed, drawings are
prepared quickly and these give problems to contractors, who would then seek
clarification from the consultants' site staff. Interestingly enough, a high workload
in the design office is accompanied by the production of sub-standard drawings by
the consultants. The pressure is then on the consultant's site staff to seek
clarification from the design office, before giving instructions to the contractors.
Fortunately, with more and more designers using computer-aided design and
draughting facilities, it is expected that the design quality will improve to the benefit
of all parties involved. As for site instructions, the number of cases requiring
clarification will depend on the nature and complexity of the instructions and the
lines of communication. Well-worded instructions should be easily understood
while complex, ambiguous instructions will only confuse the contractor.
5.6.7 Comments by respondents
Several respondents stated that the following items would improve productivity:
• prompt certification of work by consultants is crucial;
• consultants must be decisive at all times;
• consultants should adopt positive and professional attitudes; and
• designs must be buildable for good productivity.
Contractors would certainly be pleased to have their work promptly certified by
consultants for payment to be made by the developers. The contractor's monthly
work progress is normally certified by the quantity surveyor as the owner's
representative. The functions of a quantity surveyor include the valuation of work
in progress and making recommendations as to payments to be made to the
contractor. Under the conditions of contract, the owner is obliged to pay the
contractor the amount certified by the quantity surveyor, after deducting a 5 per
cent retention sum. Half of the total retention sum becomes payable to the
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contractor upon issue of the completion certificate, and the balance is payable at the
expiration of the maintenance period.
Some respondents stated that consultants should be decisive at all times and have
positive and professional attitudes. It is correct to identify these items as being
important in enhancing productivity. In order to complete projects on time it is
important for consultants not to waiver in their decisions, as this will result in the
loss of time for the contractor. Consultants must be positive and work together
with contractors and not lay obstacles to stifle initiative. Unfortunately, some
consultants strictly follow the contract specifications and are unwilling to adjust
some clauses to suit the local conditions.
Finally, some respondents emphasized that designs must be buidable for good
productivity. There is presently keen interest in some sectors of the construction
industry to encourage buidable designs. In October 1991, the CIDB launched the
Best Buildable Design Awards as an annual competition to promote more buildable
designs. The CEDB announced that the awards were to recognise the contribution
of design teams in achieving construction efficiency through more buildable designs.
However, the CIDB stressed that the promotion of more buildable designs was not
to favour standardised designs at the expense of aesthetics. Good buildable designs
can be consistent with attractive aesthetics and the principles of buildability are
equally applicable to both cast-in-place construction as well as prefabricated
construction.
Though buildability is not discussed in this thesis, it is nevertheless an important
factor in improving productivity. The topic on buildability is well discussed by
Eldin (1988), Adams (1989), Gray (1983), Griffith (1984, 1987), O'Connor (1985,
1986, 1987, 1988) and Tatum (1987).
5.7 COLLABORATION WITH SUB-CONTRACTORS/SUPPLIERS
The survey results on collaboration with sub-contractors/suppliers are shown in
Table 5.5 and Figure 5.5. Subcontracting means the undertaking of certain work by
a contractor who is a subsidiary to the main contract. There are two main types of
sub-contractors: the nominated and the domestic. The former is usually a specialist
firm involved in say the mechanical and electrical installations, which may constitute
a very large part of a project. Domestic sub-contractors are employed internally by
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the main contractor and may provide plant and materials, or may only provide
labour and be called a "labour-only" sub-contractor.
Domestic sub-contractors are under the direct control of the main contractor who is
fully responsible for their actions. Both the developer and the architect/engineer do
not have to deal with the domestic sub-contractors. Any delay or default by them is
considered as delay/default by the main contractor. However, the situation is
different in the case of a nominated sub-contractor. As his work is of great
significance to a project, the developer, with the recommendation of the architect/
engineer, usually appoints a specialist firm for the particular job. Two separate
cases arise:
• the specialist is appointed before the main contractor is selected, this being the
case when long delivery times are required for the mechanical and electrical
plant; and
• the specialist is appointed after the main contract is awarded.
Table 5.5: Importance of collaboration with sub-contractors and suppliers in
construction productivity
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In either case, the developer should not enter into a direct contract with the
specialist, otherwise he loses all the advantages of the main contractor/sub-
contractor system. If he does, then the co-ordination of the contracts becomes his
responsibility, or that of his architect/engineer; and the developer may find himself
with claims by one contractor for extension of time and for costs for the disruption
of his work by another. To avoid this problem, the developer obtains tenders for
specialised work, but then instructs the main contractor to enter into a sub-contract
with a successful tenderer, who will then be the nominated sub-contractor.
This section also discusses the main contractor's collaboration with suppliers, who
also have a very important role to play in building construction. Without equipment
and materials, no amount of talent and manpower can build projects. Contractors
have to deal with suppliers right through a project and the choice of a major
supplier has a marked effect on material, performance and project costs. The
selection of a supplier will depend on the following:
• technical ability;
• production capacity;
• financial standing; and
• managerial and administrative capability.
In dealing with a major supplier, the contractor is well-advised to visit the supplier's
premises. The contractor should obtain the following information:
• the quality control methods in use;
• the packing, handling and transportation methods used;
• projected additions to the factory which might result in increased capacity;
• any indication of a run-down of the plant or reduction of production capacity;
and
• the supplier's order book position, especially where it may have a direct bearing
on his ability to meet current or future orders.
An example of the importance of a major material supplier is illustrated for a 34-
storey commercial building in Singapore. The building completed in 1988 was the
first high-rise building in Singapore to use a granite precast prefabricated
construction method for the external works. One of the most obvious features was
the Carmen Red granite that clad the entire building exterior. The design team had
to ensure that the supply of granite was sufficient and that the quality and the colour
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of the cut and polished granite was uniform throughout the project. A suitable
supplier, with a principal manufacturer who could be relied on because of its factory
capacity, was selected to cut and deliver the granite to Singapore on schedule. An
Italian factory was selected and the owner's representatives, and architectural and
engineering consultants, flew twice to Italy. The first trip was for the selection and
verification of a supplier, while the second trip was made after the shop drawings
for the panels were completed, to inspect a mock-up of a complete panel. The
granite pieces were imported into Singapore and 30 pieces of granite were used for
every precast concrete panel. This illustration highlights the importance of a major
supplier for a building project and emphasises the need for close co-operation
amongst the developer, the consultants, the main contractor, the precast panel
manufacturer and the granite supplier.
5.7.1 Co-operation from sub-contractors (Importance index = 0.869)
Forty-five per cent of respondents rated this item as extremely important, while
another 45 per cent considered it as very important. Basically, there are three ways
of executing the main contract work, these being the use of directly employed
labour, of labour-only subcontractors or labour and material subcontractors. Types
two and three are normally employed in Singapore and they are known as domestic
sub-contractors. In the "labour-only" type of contracting, the main contractor must
keep check to prevent unnecessary wastage of materials. The "labour and material"
type of subcontracting has the advantage that any wastage of material is not borne
by the main contractor.
In addition to co-operation from domestic sub-contractors, it is also important for
main contractors to have co-operation from nominated subcontractors. In
Singapore, nominated sub-contractors are usually specialists involved in the
installation and the maintenance of mechanical and electrical services. These
include the installation of lifts and escalators, the air-conditioning and electric works
and the fire-fighting, and security services. Co-operation from nominated sub-
contractors is just as important as from domestic sub-contractors. Benefits can
accrue if nominated subcontractors are consulted at the planning stage and given
more basic information about constraints in the project. In return, nominated
subcontractors should provide the main contractor with full information about their
service requirements, necessary working conditions and other details such as power
needs, the space required for storage and the amounts of materials to be stored.
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5.7.2 Good long-lasting rapport with sub-contractors/suppliers
(Importance index = 0.812)
Twenty-eight per cent of respondents rated this item as extremely important, while
51 per cent considered it as very important. A good, long-lasting relationship is an
important factor for project success. With the current construction boom in
Singapore, there are many newcomers attempting to win jobs with very competitive
prices. These subcontractors and suppliers must first be tested to ensure their
competence and reliability before they can gain the trust and confidence of main
contractors.
Though a good long-lasting rapport with subcontractors/suppliers is important,
complacency should not set in and it is advisable to ensure that the service and
performance of subcontractors/suppliers is regularly appraised.
5.7.3 Co-operation from suppliers (Importance index = 0.806)
Thirty per cent of respondents rated co-operation from suppliers as extremely
important while 48 per cent rated it as very important. Suppliers have to ensure:
• sufficient stock of materials for delivery to various sites;
• collaboration with site staff to enable timely delivery of materials;
• quality control of manufactured products; and
• delivery of materials to site in good condition.
Suppliers have an important role to play in ensuring the smooth progress of
projects. Ready-mix concrete suppliers, for example, can cause anxiety at
construction sites with delays in supply due to plant breakdown or shortage of raw
materials such as sand, cement or aggregates. During boom periods, ready-mix
suppliers sometimes take on too many orders and are unable to meet demand,
thereby slowing down the supply of ready-mix concrete to sites. Interruptions of
ready-mix concrete supply to sites will result in formation of cold joints in concrete
structures, which may result in durability problems.
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5.7.4 Efficient service by external maintenance/repair personnel
(Importance index = 0.755)
Thirteen per cent of respondents ranked this item as extremely important, and 51
per cent as very important. Plant and equipment are either leased or purchased by
main contractors. Whatever the case, maintenance and repair are looked after by
external personnel from companies that provide such services. Repair companies
have their mechanics plying around Singapore in vehicles, and they can be paged by
contractors requiring their services. This is a very satisfactory arrangement and
relieves contractors of the task of employing full-time mechanics to repair and
service plant and equipment.
5.8 SITE FACILITIES/OPERATIONS
The survey results on site facilities/operations are illustrated in Table 5.6 and
Figure 5.6.
5.8.1 Maintenance of proper records (Importance index = 0.809)
The item on maintenance of proper records has been ranked as the most important
of the list of ten items, and 35 per cent of respondents ranked this item as extremely
important.
The maintenance of proper site records should have the single objective of
enhancing productivity on construction sites. There are many site records to be
completed and filed, and these include plant record sheets, records of materials
received, labour returns, weather records, instructions received from architects and
engineers, record of drawings received, variation orders, extra works instructed by
the architects/engineers, monthly progress reports and claims.
5.8.2 Issuing correct site instructions to workers (Importance index = 0.803)
The item on issuing correct site instructions to workers is essential in the Singapore
context, especially where there is a large number of unskilled foreign workers with
language and communication problems.
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Table 5.6: Importance of site facilities/operations in
construction productivity
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Maintenance of proper records 23 24 16 2 0 65 0.809 (1)
35% 37% 25% 3% 0%
Issuing correct site instructions to 20 28 19 0 0 67 0.803 (2)
workers 30% 42% 28% 0% 0%
Availability of telephone extensions/ 19 20 19 8 0 66 0.745 (3)
fax machines/photocopiers 29% 30% 29% 12% 0%
Availability of accommodation for 13 28 20 6 0 67 0.743 (4)
foreign workers 19% 42% 30% 9% 0% -
Availability of washrooms / toilets / 7 22 32 6 0 67 0.690 (5)
vehicle wash areas 10% 33% 48% 9% 0%
Availability of clerical staff (e.g. 3 17 37 8 1 66 0.639 (6)
typist, filing clerks, receptionists) 5% 25% 56% 12% 2%
Sufficient canteen area/food vendors 2 19 32 12 0 65 0.634 (7)
on site 3% 29% 49% 19% 0%
Availability of transportation for 4 15 34 13 1 67 0.624 (8)
workers to and from site 6% 22% 51% 20% 1%
Availability of computers on site 2 16 28 15 5 66 0.585 (9)
3% 24% 42% 23% 8%
Sufficient floor area in site office 0 12 41 11 3 67 0.584 (10)
0% 18% 61% 17% 4%
112
113
The usual practice in Singapore is for the site agent to hand drawings and
instructions to the site foremen, who then give instructions to the workers for
execution. The line of communication from engineer to site agent to foreman is
usually straight forward, as all three persons are technically trained and would
normally communicate in the same language. However, when instructions are
subsequently handed down to workers, there may be problems if the workers are
untrained and speak different languages. Though written instructions from the
architects and engineers are given in English, verbal communication between
foremen and workers could be in different languages, sometimes resulting in
miscommunication. With a host of guest workers from Malaysia, Thailand, India,
Sri Lanka, Bangladesh, Taiwan, Hong Kong and South Korea, there is always the
problem of communication between supervisors and workers, as well as amongst
the workers themselves.
5.8.3 Availability of telephone extensions/fax machines/photocopiers
(Importance index = 0.745)
The above items are standard facilities that should be made available in every
sizeable site office to enable site staff to work efficiently and be less dependent on
facilities at the head office. These facilities will also reduce the number of trips
made by despatch riders to and from head office, thereby enhancing productivity.
5.8.4 Availability of accommodation for foreign workers
(Importance index = 0.743)
Over 80 per cent of the total construction workforce of 166,000 is foreign (CIDB,
1994b, 1995b) and it poses a huge problem to contractors to house these foreign
workers. Some contractors rent houses to accommodate the workers, while other
contractors accommodate them on site. There are no figures available as to the
number of foreign workers who are housed on site and the numbers who are housed
in rented accommodation off-site.
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5.8.5 Availability of washrooms/toilets/vehicle wash areas
(Importance index = 0.69)
All contractors are expected to provide such facilities on site, though the author is
not aware of regulations concerning the number of wash rooms/toilets in relation to
the number of workers employed on site. As for vehicle wash areas, the Ministry of
Environment do send enforcement officers to check that vehicles leaving the sites
do not dirty the public roads with mud and spoil.
5.8.6 Availability of clerical staff (Importance index = 0.639)
Manpower shortage is of major concern in Singapore and often vacancies for
clerical staff are left unfilled. Clerical workers would seek employment in other
areas such as commerce, banking and the hotel industry rather than work at
construction site offices.
5.8.7 Canteens / food vendors on site (Importance index = 0.634)
It is the normal practice in Singapore for workers to purchase food and drinks from
vendors located in canteens at the construction sites. Unlike construction sites in
developed countries, where workers bring their own lunch packets and make drinks
in mess rooms, the workers in Singapore construction sites would purchase food
and drinks from vendors who have permission from the main contractors to operate
on site.
5.8.8 Availability of transportation for workers to and from site
(Importance index = 0.624)
Singaporean workers live in different parts of the island and use different means of
transport to get to the site. Foreign workers who are not housed on site are usually
located at one or two locations and hence it is convenient for contractors to have
buses taking the workers to the site from one or two pick-up points.
Transportation is usually not a problem for contractors, since Singapore is an island
and no site is too remote.
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5.8.9 Availability of computers on site (Importance index = 0.585)
Most respondents felt there was no necessity for sites to have computers. A check
of the construction industry in 1993 revealed that only a few large site offices have
computers for updating work schedules, for accounting purposes and for typing and
storage of data (all drawings are kept as hard copies received from the
architects/engineers). Drawings, sketches, instructions and correspondence are still
manually filed and retrieved in the site offices. Indeed, most site offices have many
racks containing drawings and files containing daily returns, reports and
correspondence. Computerisation is taking shape in the design offices of
consultants and in the head offices of contractors, but not at site offices.
5.8.10 Sufficient floor area in site office (Importance index = 0.584)
Most respondents did not see this item as causing any concern to their site
operations. However, visitors often encounter very cramped site offices being
occupied by the main and sub-contractors, though most site offices of the resident
architects/resident engineers are more spacious. One of the methods of improving
working conditions would be to have larger site offices for contractors' site staff
and this would certainly enhance staff morale and productivity. It is unfortunate
that most of the urban construction sites in Singapore are on very small plots of
land and hence there is very limited space to accommodate site offices.
5.9 MATERIAL PROCUREMENT
The results of the survey on material procurement are given in Table 5.7. Material
procurement is an important issue on the construction site and responsibilities can
be divided into various job functions, as follows:
• determining the quantities of materials required;
• planning the delivery of materials;
• ordering the materials;
• checking deliveries on site;
• storing materials on site;
• processing delivery tickets and invoices;
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• controlling the use of materials;
• producing a cost analysis;
• paying for the materials; and
• feedback on material performance during construction
Table 5.7: Importance of material procurement in construction productivity
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Timely delivery of materials to site 30 25 11 1 1 67 0.854 (1)
45% 37% 16% 1% 1%
Materials delivered in good condition 17 13 17 1 0 66 0.794 (2)
26% 47% 26% 1% 0%
Sufficient storage space for in- 7 34 23 3 0 67 0.734 (3)
coming materials 11% 51% 34% 4% 0%
Sufficient stock of materials 9 28 25 4 0 66 0.727 (4)
14% 42% 38% 6% 0%
Loading/unloading facilities on 8 25 32 2 0 67 0.716 (5)
site 12% 37% 48% 3% 0%
5.9.1 Timely delivery of materials to site (Importance index = 0.854)
The delivery of materials to site should be strictly timed, as a glut of materials can
prove just as much of an embarrassment as would a scarcity. An excess of materials
can give rise to lack of storage space, untidy and random stacking, double handling
and even deterioration of materials. Bagged cement is particularly vulnerable to the
hot humid climate in Singapore and the material will harden if left in the open. It is
therefore necessary for bagged cement to be kept in enclosed sheds so that they
remain relatively cool and dry.
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5.9.2 Materials delivered in good condition (Importance index = 0.794)
This item is related to both the manufacture of the product and its transportation to
site. Transportation would include loading the materials onto vehicles as well as
off-loading at the construction site. The manufacturing process will depend on the
technical and production capabilities in the factory. To ensure that the materials are
properly loaded onto vehicles, loading facilities at the factory must be satisfactory;
while for unloading purposes, satisfactory unloading facilities must be available on
the site. During transportation, the materials must be properly stacked to prevent
damage to the items. For example, in the delivery of precast concrete panels for the
housing industry, special "A"-frames are provided on trailers to transport the panels
to the site. Lorries transporting bagged cement should have sufficient canvas sheets
to cover the items when it rains.
5.9.3 Sufficient storage space for incoming materials
(Importance index = 0.734)
Storage space is always an issue of concern on sites located in the urban areas of
Singapore. For building projects, storage space is scarce until such time that the
lower floors of the buildings are completed, when materials can then be stored on
these floors. Contractors are advised to consult the structural engineers as to how
the materials are to be stored, since the engineers have to access the load carrying
capacity of the floor slabs and beams. In fact there have been cases of engineers
who have strengthened certain floors when contractors informed them of the use of
such floors for storage of heavy materials and equipment.
Most contractors liaise closely with suppliers to ensure timely supply of materials so
as not to cause storage problems on site, though some contractors experience
difficulties once in a while when there is insufficient storage space on the site for
incoming materials. To overcome such problems, some contractors even rent
roadside parking lots to store heavy items such as bundles of reinforcement bars.
5.9.4 Sufficient stock of materials (Importance index = 0.727)
There have been no recent cases of shortage of basic building materials in
Singapore. In the past there were occasional reports of a shortage of cement and
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steel reinforcement bars which caused some delays in construction projects. A few
contractors who had anticipated a shortage of certain essential materials even
resorted to the rental of nearby plots of land to store such commodities.
Some materials come from overseas and the local agents have to liaise closely with
their foreign principals to ensure sufficient supply of such materials to the site. For
example, granite slabs are imported from Italy and then sent to factories in
Singapore, where they are cut to required sizes, and then cast together with
concrete panels to form granite facade panels for multi-storey commercial buildings.
Sufficient stock of such granite facade panels is kept at the local factories and are
sent to the sites as and when required.
As for precast concrete floor slabs, which are frequently used in building
construction, such slab panels are manufactured locally and sufficient stock is kept
at the factories until they are required. In urban sites, the required numbers are sent
by trailers from the factories after mid-night, and are hoisted and erected in the early
hours of the morning.
5.9.5 Loading/unloading facilities on site (Importance index = 0.716)
Loading facilities are needed for the removal of excavated material from
construction sites. Gantry cranes were used for loading buckets of excavated
material from tunnels constructed in Singapore for the underground sections of the
Mass Rapid Transit System. In the case of small construction sites, mobile crawler
cranes are normally used for loading excavated soil onto dump trucks. Washing
bays are also provided at most construction sites as the Ministry of Environment is
strict about the disposal of mud from the wheels of vehicles onto public roads. As
for unloading facilities, most sites have mobile cranes for off-loading materials onto
the site. Multi-storey building projects have static tower cranes to off-load
materials.
From the above discussion, it can be seen that efficient management of materials is
important for improved site productivity. Items such as the ordering of materials,
and their manufacture, delivery and storage, have significant roles to play in
ensuring that work progress is not hampered.
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5.10 CONSTRUCTION EQUIPMENT
Construction equipment can be classified under three categories, namely:
(i) perishable equipment, (ii) non-mechanical equipment, and (iii) mechanical
equipment. Perishable equipment include hand tools, and personalised items such
as helmets, safety boots and safety belts. Non-mechanical equipment covers all
items other than perishable equipment, that does not require the services of a fitter,
electrician or mechanic. Typical examples are scaffolding, proprietary formwork
and steel props. The third category is classified under mechanical equipment which
covers items requiring the services of a fitter, electrician or a mechanic. This may
be classified as equipment that has a power unit or is associated with a powered
plant, common examples being concrete mixes dumpers, hoists, excavators and
cranes. With an average life varying from two to 20 years, mechanical equipment
accounts for the major portion of the permanent capital of many construction
companies, and is often a significant part of the investment of the average
contractor.
One question in the minds of top management is whether equipment should be
purchased or hired. The choice of purchasing or hiring is generally one of policy.
A few of the more general considerations to make before purchasing equipment are
as follows:
• Will there be sufficient use of the items, not only for the project in question, but
over its entire working life?
• What tasks can the equipment perform?
• In addition to the initial outlay, what are the costs incurred in repairs,
replacements and maintenance?
• What is the working life of the equipment?
• What category of operators are needed to maintain the equipment?
• What power source (e.g. electricity, petrol, diesel) is required to operate the
equipment?
In Singapore, there is a mixture of equipment purchase and rental with the
exception that all perishable equipment is purchased by the contractor. Non-
mechanical equipment such as scaffolds can either be purchased or bought.
Similarly mechanical equipment can be treated likewise, bearing in mind that there
are many companies that deal with rental of heavy equipment such as tower cranes,
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mobile cranes and earth-moving equipment. The results of the survey are given in
Table 5.8.
Table 5.8: Importance of construction equipment in construction productivity
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Fast and efficient repair of equipment 18 34 12 1 0 65 0.812 (1)
28% 52% 18% 2% 0%
Regular maintenance of equipment 14 32 19 2 0 67 0.773 (2)
21% 48% 28% 3% 0%
Availability/reliability of tower 17 23 18 8 1 67 0.740 (3)
cranes 26% 34% 27% 12% 1%
Availability / reliability of concrete 9 28 23 5 1 66 0.718 (4)
pumps 14% 42% 35% 8% 1%
Availability / reliability of other
equipment (e.g. mobile cranes,
excavators, dump trucks)
7
11%
28
42%
27
41%
4
6%
0
0%
66 0.715 (5)
Availability/reliability of workers' 10 18 30 8 1 67 0.684 (6)
lifts 15% 27% 45% 12% 1%
5.10.1 Fast and efficient repair of equipment (Importance index = 0.812)
In this survey, the item "fast and efficient repair of equipment" had an importance
index of 0.812. The respondents are right to give this item the top ranking, as they
would envisage project delay if repairs are not carried out quickly and efficiently.
For high-rise building construction in Singapore, the main pieces of heavy
equipment are the tower crane, the passenger hoist and the concrete pump. Often,
prestigious commercial developments in the heart of Singapore are constructed
using only two tower cranes and one or two pairs of passenger hoists. Other
smaller sites typically use only one tower crane and one pair of passenger hoists.
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One of the main disadvantages of using mechanical equipment is that if it breaks
down, it generally causes considerable hold-ups and delays unless it is repaired
quickly and efficiently. For example, a tower crane on a high-rise commercial
development can cause the project to come to a halt, if the crane fails to function.
Of course, works at and near ground level can still proceed with the use of mobile
cranes, but work on the upper floors under construction will be held up because the
tower crane is indisposed and is unable to lift heavy rebars and formwork.
5.10.2 Regular maintenance of equipment (Importance index = 0.773)
Twenty-one per cent of respondents considered this item as being extremely
important, while 48 per cent considered it as being very important. Regular
maintenance of equipment is essential to ensure that equipment failure does not
occur. Careful planning is necessary to ensure that work will not suffer due to
equipment being put out of action for regular maintenance or overhaul.
Contractors in Singapore usually arrange for maintenance works to be executed on
Sundays, as the site is usually very quiet, with little or no construction activity.
Contractors who own the equipment will have full-time mechanics on site, while
those that rent equipment will arrange with the supplier for maintenance of the
equipment.
5.10.3 Availability/reliability of tower cranes (Importance index = 0.740)
The availability/reliability of tower cranes was ranked third in importance. With the
large number of buildings under construction in Singapore, it is no wonder that the
skyline in certain parts of the country is dotted with tower cranes. Most of the
companies that have high-rise building projects will give extreme importance to the
availability and reliability of tower cranes. Contractors who only undertake piling
works, road works, land reclamation and bridge construction, would mostly likely
form the 13 per cent who rated this item as either of minimal importance or no
importance at all.
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5.10.4 Availability/reliability of concrete pumps (Importance index = 0.718)
The availability/reliability of concrete pumps was ranked fourth, with an importance
index of 0.718. Nine per cent of respondents rated this item as either of minimal
importance or no importance at all. It is likely that these respondents are
contractors who only work on eartlunoving projects or land reclamation works.
Contractors involved in building, bridge construction, roadworks and even tunnel
construction, would require the services of concrete pumps and would very likely
give importance to this equipment.
5.10.5 Availability/reliability of other equipment (Importance index = 0.715)
The availability/reliability of other equipment (e.g. mobile cranes, excavators, dump
trucks) was ranked fifth in importance. Contractors will have preferences for
certain types of equipment depending on the nature of the projects and all
mechanical plants and equipment have their own specialised roles to play.
5.10.6 Availability/reliability of workers' lifts (Importance index = 0.684)
The availability/reliability of workers' lifts (i.e. passenger hoists) was ranked sixth,
with an importance index of 0.684. In the construction of high-rise buildings,
workers' lifts are installed from about the third or fourth floors upwards. They not
only convey passengers, but are also used to carry small tools and building materials
which are either too small or expensive to be lifted by the tower crane. In general,
the workers' lifts are very essential in the construction of a high-rise development
and are used until a few weeks before the project is officially handed over to the
owners. After the workers' lifts are dismantled, construction materials are brought
up the building in the permanent lifts and usually the cargo lift or one other lift is
reserved for this purpose. The workers' lifts would be as important as the tower
cranes for high-rise construction and their numbers will control the waiting time for
using these lifts.
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5.11 PREFABRICATION
Prefabrication in the construction industry encompasses the prefabrication of
structural concrete elements, prefabricated reinforcement and prefabricated
formwork. The prefabrication of structural concrete members generally refers to
the use of precast concrete construction, instead of forming the concrete structure
on site with the conventional wet process. There are different degrees of
prefabrication, ranging from 100 per cent fully precast construction to the very
basic technique of merely using precast concrete slab units for floor construction
only.
Fully precast construction, i.e. using precast concrete floor slabs, beams, columns,
and facade elements, is used when minimum site work is desirable. This type of
construction is mainly found in Europe because of the very high site-labour costs
and adverse climatic conditions. In developing countries, the use of precast
concrete construction usually starts with the primary step of using precast floor
units (such as prestressed hollow-core slabs and thin solid planks) in floor
construction, for the purpose of saving costs and labour. The use of such
construction methods is gaining popularity in the ASEAN (Association of South
East Asian Nations) region, notably in Malaysia, Thailand and Singapore. As
technology advances in the building industry, and with the emphasis on higher
productivity in construction, contractors and building professionals are beginning to
explore the full economic advantage of prefabrication by incorporating precast
beams, columns, and eventually architectural facade elements, into building
projects. The adoption of precast construction technology will certainly help to
upgrade the construction skills of the contractors, to improve the overall
productivity in the design and construction of buildings and to offer a new
dimension to building professionals by enabling them to exercise creativity and
innovation in the building industry.
In the current Singapore construction industry, the public sector contributes about
90 per cent of the total value in the demand for structural precast concrete
elements, while the private sector lags far behind with about 10 per cent. The total
annual worth of precast concrete elements manufactured in Singapore is estimated
at approximately S$120 million. There are over 10 precast concrete element
manufacturers in Singapore, of various categories in terms of capability and size,
catering to the needs of the construction industry. The results of the survey are
given in Table 5.9.
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Table 5.9: Importance of prefabrication in construction productivity
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Use of precast concrete elements 7 21 26 10 1 65 0.671 (1)
(e.g. precast slabs, staircases,
facades)
11% 32% 40% 15% 2%
Preassembly of reinforcement
(preassembled in cages off-site 5 21 30 9 0 65 0.668 (2)
prior to delivery to site) 8% 32% 46% 14% 0%
Formwork prefabricated off-site 5 16 27 17 0 65 0.628 (3)
8% 25% 41% 26% 0%
5.11.1 Use of precast concrete elements
In spite of the favourable projections for the precast concrete industry, only 11 per
cent of the respondents ranked the use of precast concrete elements as being very
important, while 15 per cent ranked it as being of minimal importance. This item
has an importance index of 0.671. It is hoped that with an increased awareness of
the advantages of prefabrication, designers and contractors will undertake to use
more precast concrete elements. The private sector should increase its use of such
elements, as currently these items are mostly used by the public sector agencies,
such as the Housing and Development Board, the Jurong Town Corporation and
the Port of Singapore Authority. The Construction Industry Development Board is
currently promoting the use of more prefabrication and efficient construction
methods, in order to contain the foreign labour problem. On the optimistic side, it
is anticipated that the demand for the precast concrete industry will have substantial
growth in the future, with the building industry being geared to accept precast
concrete production on a broad base.
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5.11.2 Preassembly of reinforcement
Apart from the use of precast concrete elements, the other two areas in
prefabrication are the use of prefabricated reinforcement and prefabricated
formwork. The construction industry is realising the benefits in terms of the design,
detailing and fabrication, that prefabricated steel reinforcement will bring to
reinforced concrete works. The use of prefabricated steel reinforcement such as
welded wire mesh for slabs and walls and prefabricated reinforcement cages for
beams, columns and even walls, has led to better quality workmanship, lower steel
wastage and higher productivity. This industrialised method effectively enables
machines in the factories to replace a large portion of labour-intensive manual site
fixing. This in turn will reduce the need for unskilled foreign workers and make
fabrication work less weather-dependent.
In the current survey, a dismal 8 per cent of respondents ranked this item as
extremely important while 14 per cent ranked it as being of minimal importance.
Again, designers and contractors have to be aware of the advantages of
prefabricated reinforcement in enhancing productivity. Designers must standardise
their designs as far as possible so that contractors will find it worthwhile and cost-
effective to use prefabricated reinforcement. For example, if beams are designed in
many different sizes, contractors will find little incentive in requesting the services
of factories to assemble prefabricated beam cages.
5.11.3 Prefabricated formwork
The use of prefabricated formwork is quite widespread for large projects. Several
proprietary formwork systems are being introduced in the local construction
industry and the use of prefabricated formwork reduces site work as well as
enhances housekeeping by minimising the amount of timber being sawn and
discarded on the site.
Presently, prefabricated formwork is used on many sites for columns, beams, slabs
and core walls. Designers can assist contractors to use more prefabricated
formwork by designing structural elements using standard sizes, and reducing the
number of odd-shaped slab panels and different-sized beams and columns.
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In spite of the increased use of prefabricated formwork on larger sites, this survey
has found that respondents still do not rate highly the importance of prefabricated
formwork. Only a dismal 8 per cent of respondents ranked this item as being
extremely important, while 26 per cent ranked it as being of minimal importance.
Indeed, it is surprising that respondents have such a low rating on the use of
prefabrication generally, inspite of the publicity it has been given by the
Construction Industry Development Board, the Singapore Contractors Association
and the Singapore Concrete Institute, through publications and seminars over the
past several years.
5.12 SITE SAFETY/SECURITY
This section deals with site safety and security. Hazards exist and accidents occur
on-site due to the following reasons:
• the carelessness of individuals;
• the variable nature of construction work;
• inadequate safety and security provisions made by management; and
• the high labour turnover experienced by many contractors.
The provision of safe and secure construction sites enhances productivity and will
have a bearing on the performance and reputation of construction companies. The
Ministry of Labour, Singapore (1994) stated in its 1994 Annual Report that for the
four-year period from 1991 to 1994, there were a total of 167 fatalities at
construction sites, the breakdown being 36 fatalities in 1991, 47 in 1992, 50 in 1993
and 34 in 1994. Of the 34 fatalities in 1994, 19 were due to persons falling while 8
were caused by workers being struck by falling objects. The Ministry of Labour
(1994) reported that in 1994, a total sum of S$49.34 million was paid out in 12,682
claims under the Workmen's Compensation Act for all industrial accidents. In that
year, there were a total of 69 fatalities for all industries in Singapore, comprising 34
for the construction industry, 29 for the shipbuilding and ship-repairing industry and
6 for all the other industries.
With the high number of accidents, most of which resulted from carelessness, it has
been reported that the Ministry of Labour has plans to adopt a more comprehensive
approach towards safety awareness. Instead of merely checking for physical defects
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in plant and equipment, officials from the Factory Inspectorate will discuss a
checklist of safety measures with senior factory officials, which includes
construction site agents and safety supervisors. Factories, which include
construction sites, that flout safety regulations can be fined up to S$25,000 under
the Factories Act.
All serious industrial accidents in Singapore are investigated thoroughly by
experienced officers from the Department of Industrial Safety, Ministry of Labour.
If the investigation reveals that the accidents resulted from contravention of any
safety requirements, the management is dealt with by way of court prosecution.
Officers from the Labour Ministry will also recommend appropriate measures and
require the management to take remedial steps to prevent a recurrence. For
accidents involving multiple fatalities, the ministry may also appoint a Committee of
Inquiry to conduct the investigation and to recommend preventive measures. The
results of the survey are given in Table 5.10.
Table 5.10: Importance of site safety/security in construction productivity
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Adequate lighting facilities for night 12 36 16 3 0 67 0.770 (1)
work 8% 54% 24% 4% 0%
Good housekeeping 15 27 22 2 0 66 0.767 (2)
23% 41% 33% 3% 0%
Sufficient stock of safety items 10 30 27 0 0 67 0.749 (3)
for workers 15% 45% 40$ 0% 0%
Safety notices on site 12 22 31 1 0 66 0.725 (4)
18% 33% 47% 1% 0%
Adequate site security arrangements 8 26 26 6 0 66 0.709 (5)
12% 39% 39% 9% 0%
Deployment of security officers / 4 24 31 8 0 67 0.682 (6)
safety officers 6% 36% 46% 12% 0%
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5.12.1 Adequate lighting facilities for night work (Importance index = 0.77)
With many construction sites working late into the night, contractors are aware that
inadequate lighting increases the risk of accidents and lowers the security of the site.
In Singapore, sunset is between 6.30 to 7.00 pm throughout the year. Most of the
activities after 7 pm involve concreting works, which would have commenced in the
late morning or early afternoon and would continue till about 9 or 10 pm. Some
high-rise building sites use precast concrete slabs and in the urban areas, these slabs
are delivered after 10 pm when there is little traffic on the roads surrounding these
sites. As there is usually little space on the sites to store these precast concrete
slabs, they are off-loaded and immediately installed, the process taking about four
hours. It is therefore necessary for sites where such activities occur, to provide
good lighting from about 7 pm till about 3 am, for about two to three nights a
week.
The initial costs of installing a system of artificial lighting for both internal and
external activities can usually be offset by higher output, better quality work, a more
secure site and sharing the costs over several projects on a use and re-use schedule.
The reasons for installing a system of artificial lighting on a construction site can be
listed as follows:
• It enables work to proceed into the night whenever necessary, thus increasing
productivity.
• Labour and material wastage which results from working in poor light is
reduced.
• It improves the general security of the site.
• The risk of accidents or injury is reduced by providing sufficient lighting.
The planning on the lighting requirements depends on site layout, the size and shape
of site and the availability of electrical supplies. Installing and using a well-planned
system of artificial lighting will enable site activities to proceed after sunset and
enable overtime and extra shifts to proceed to overcome delays that may occur from
any cause.
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5.12.2 Good housekeeping (Importance index = 0.767)
Good housekeeping was listed as a high priority for respondents and 23 per cent of
respondents rated this item as being extremely important. It is obvious that good
housekeeping enhances productivity and reduces the risk of hazards on construction
sites. In order to ensure a safe working environment, the following housekeeping
practices should be pursued:
• Workplaces should be kept free of debris (waste, unwanted materials and
equipment).
• Hazards should be forseen and measures taken to reduce them by removing
dangerous projections to scaffolding, protruding nails or objects and
unnecessary overhead obstructions.
• Materials should be stacked safely and in correct amounts to reduce
obstructions.
• As far as is practicably possible, workplaces should have firm and non-slippery
surfaces, and be of reasonable dimensions to enable operatives to work safely.
The above are a few of the many safe practices that should be observed on site.
Sites in Singapore are generally poor in housekeeping and more has to be done to
improve on this item. Housekeeping generally improves with the increased use of
prefabricated items and proprietary type formwork systems. The use of
prefabricated slabs for building construction reduces the amount of falsework on
site and this helps to ensure a safer construction site. The amount of discarded
timber pieces seen in many construction sites is quite appalling and will certainly not
help to enhance the image of the construction industry. The use of proprietary type
formwork systems for floors, walls, and columns, means the introduction of tailor-
made durable materials which can be reused again and again. Patronising such
proprietary formwork systems not only enhances site productivity, but also reduces
wastage of timber on the site. Structural engineers should encourage contractors to
use proprietary formwork systems by maintaining the sizes of these structural
members as far as possible for every floor, so that there will be incentives for
contractors to invest in proprietary systems.
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5.12.3 Sufficient stock of safety items (Importance index = 0.749)
The BOWEC (Building Operations and Works of Engineering Construction)
Regulations (Government of Singapore, 1985) contain clauses requiring the
provision of safety items for employees. These items include safety helmets, eye
protection equipment, boots, raincoats and safety belts. In addition, non-
personalised safety items such as safety nets are also to be provided at construction
sites. The contractor should keep sufficient stock of the above safety items for use
by its employees.
The general concern for the provision and use of safety items in Singapore varies
from site to site. Both management and labour have important roles to play in
ensuring the supply and use of safety equipment. Management should play its role
by providing sufficient safety equipment for the workers, who, in turn, must
reciprocate and use them correctly and at all times when required.
5.12.4 Safety notices on site (Importance index = 0.725)
The contractor's site management should indicate the positions of important signs
and notices to be displayed on construction sites. In addition to directional signs
and name boards with names of parties involved in the project, strategic positions
should be selected for the siting of safety notices so that maximum display is
achieved.
Examples of safety notices on site include:
• danger notices (e.g. of the use of hazardous materials);
• overhead cable warning notices;
• hard-hat area notices; and
• warning notices fixed to incomplete scaffolding.
Respondents are well aware of the need for safety notices on site to protect both the
employees as well as visitors to the site. Of course, it is important to put up safety
notices, but it is equally important to make employees practise work safety.
Workers in each trade should be familiar with the practices of other trades and
appreciate the dangers of certain work processes. Indeed, each employee should be
entrusted with ensuring that his/her actions do not present undue hazards to other
workers or third parties.
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5.12.5 Adequate site security arrangements (Importance index = 0.709)
A construction site should be made as secure as is possible, to prevent the following
types of losses:
• ordinary theft - by the amateur;
• criminal activity - losses, caused by organised criminals of payrolls, vehicles,
plant and equipment, and construction materials;
• pilfering - by site operatives, subcontractors and other staff;
• vandalism - caused both by adults and children;
• short delivery by suppliers of materials or their delivery drivers; and
• fraud, normally associated with falsification of documents.
The method of preventing loss depends usually on the site location and the nature of
the construction works. Small sites in urban locations find it easier to have
adequate security arrangements than, for example, large housing estates, where the
land area is more widespread. The normal site practice is to fence off the site or to
erect timber hoardings.
In addition to the above, the following additional security measures should be
adopted:
• materials should be stored away from the site fencing;
• internal huts are best erected away from fencing, with windows facing the
inside;
• machines should be disengaged and locked to prevent them from being driven
away;
• internal flood lighting could be provided at night to frustrate thieves and make
them visible to security officers and police;
• ladders, shovels and the like should be stored away to prevent thieves from
using them as access tools; and
• burglar alarms could also be installed to prevent forced entry into site offices.
The actual site security arrangements in Singapore vary from project to project, but
generally do not appear to be too extensive and reliable. Often, site entrances do
not have gates, and burglar alarms are rarely seen at construction site offices.
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5.12.6 Deployment of security officers/safety officers
(Importance index = 0.682)
The BOWEC regulations require contractors to provide site safety supervisors. It
is mandatory for the main contractor of a worksite to appoint a part-time site safety
supervisor who should spend at least 15 hours per week exclusively on safety
supervision, and on promoting the safe conduct of work generally within the site.
In addition, every sub-contractor employing more than 20 persons on a site is also
required to appoint a part-time safety supervisor, who should spend at least 5 hours
per week on safety supervision on work done by the respective sub-contractor.
The Regulations state that the duties of a site safety supervisor should include:
• inspecting and rectifying any unsafe place of work;
• correcting any unsafe practice;
• checking sub-contractors' work to ensure compliance with the Act and any
regulations made thereunder; and
• liaison with the contractor's site supervisors with respect to safety of work
undertaken by sub-contractors.
There are no regulations or guidelines regarding deployment of security officers at
construction sites. It is for the individual contractors to decide on the number of
security officers, depending on the size of the project. For urban sites where the
land area is small, there is a timber hoarding all around the site, with one or two
entrances manned by security officers. At night, the security officers normally patrol
the site to ensure that there are no intruders. For large construction sites such as
roadworks, security is maintained at the site office and its immediate vicinity.
Normally, heavy vehicles are sent back to a location near the site office for
overnight parking. This practice is satisfactory as it will enable security officers
stationed at the site office to keep watch on the movement of vehicles.
5.13 NON-PARAMETRIC STATISTICAL TESTS
Non-parametric statistical tests are valuable when researchers are unable to obtain
numerical measurements of some phenomena but are able to rank them in
comparison to each other. Many non-parametric methods use relative ranks of
sample observations, rather than their actual numerical values. Statistics based on
ranks of measurements are called rank statistics.
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5.13.1 Spearman's Rank Correlation Coefficient
In rank statistics, Spearman's rank correlation coefficient, r s, (Walpole and Myers,
1978; Dietrich and Kearns, 1983; Dietrich and Shafer, 1984; Bechtold and Johnson,
1989; Mendenhall et al, 1989; Levin and Rubin, 1991) provides a measure of
correlation between ranks. This coefficient has been used by several authors
(Russell et al, 1992; Assaf et al, 1995; Kometa et al, 1995) in their data analysis of
construction-related surveys. In this research, the Spearman method is used to
show the correlation between the responses given by local and foreign contractors.
Of the total 67 respondents to the postal survey, 47 were local contractors (i.e.
Singaporean construction companies), while 20 were foreign contractors (i.e. non-
Singaporean construction companies with offices in Singapore).
The following formula is used for calculating Spearman rank correlation coefficient,
rs:
where d2 is the sum of the squared differences between the pairs of ranks and n
is the number of pairs of ranks.
Dietrich and Kearns (1983) gave the following properties of Spearman's rank
correlation coefficient:
• the value of rs is always between —1 and +1;
• rs positive : the ranks of the pairs of sample observations tend to increase
together;
• rs = 0 : the ranks are not correlated;
• rs negative: the ranks of one variable tend to decrease as the ranks of the other
variable increase.
The first phase of the survey was the identification of 63 items that were linked to
the improvement of construction productivity. The importance index was computed
for each of the 63 items, based on eqn. (5.1). In sections 5.3 to 5.12 of this thesis,
the indexes were ranked for all 67 respondents without differentiating between local
and foreign contractors.
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In this section, the respondents are divided into two categories, i.e. local
contractors and foreign contractors, and the indexes were ranked under these two
categories of respondents. The indexes and ranking of these 63 individual items are
given in Table 5.11.
These 63 items were further placed into ten groups, as listed earlier in section 5.2 of
this chapter. The importance indexes of individual items within each of these ten
groups were calculated for the local and foreign contractors. The indexes and the
rankings are tabulated on Tables 5.12 to 5.21. The average importance index for
each group was also computed. This is called the group index and is the average
value of the importance indexes of the items within each group. The group indexes
and rankings for the local and foreign contractors are given in Table 5.22.
Using eqn (5.2), the rank correlation coefficient between local and foreign
contractors for the 63 items was calculated, where d is the difference between the
ranks given by the local contractors and the foreign contractors and n is the number
of individual items, which is 63 for this survey. The coefficient, r s, is 0.868. Again
using eqn. (5.2), the rank correlation coefficient between local and foreign
contractors was calculated for the ten groups, and the value is 0.964 (refer to Table
5.22).
5.13.2 Significance tests of Spearman's Correlation Coefficient
A correlation coefficient, rs, of 0.868 is an indication of a fairly high positive
correlation between the two series of ranks, i.e. between the local and foreign
contractors.
However, an important question remains to be answered, whether the rank
correlation coefficient of 0.868 indicates a significantly high correlation between
the two series of ranks. An appropriate test of the significance of r s must be
conducted. One such approach could be through hypothesis testing, where a
statement about the population, referred to as the null hypothesis, Ho, is presumed
to be true until proven otherwise. An alternative hypothesis, H a, is a statement
about the population that is the opposite of the null hypothesis. The evidence in this
decision-making process is based upon sample data, which in this research is
obtained from the sample comprising 67 contractors. The sample data are used to
carry out the hypothesis testing, with the set-up as follows:
135
Table 5.11: Indexes and rankings of items that improve productivity
1.	 Attributes of Managers and Supervisors
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
1.1.	 Teamwork 0.923 1 0.870 2.5
1.2.	 Communication Skills 0.783 25.5 0.750 30.5
1.3.	 Initiative 0.813 17.5 0.779 22
1.4.	 Motivation 0.791 23 0.758 29
1.5.	 Commitment to company goals 0.809 19 0.811 11
1.6.	 Experience / knowledge / skills 0.739 41.5 0.820 10
1.7.	 Sense of responsibility 0.851 8 0.830 8
1.8.	 Ability to play bridging role between
management and workers
0.724 44 0.670 49.5
1.9.	 Ability to train new employees 0.687 53 0.600 58.5
2.	 Work Attitudes of Site Workers
2.1.	 Good habits and work practices 0.830 9.5 0.780 19.5
2.2.	 Sense of responsibility 0.821 13.5 0.790 16
2.3.	 Pride and interest in work 0.752 37 0.660 51
2.4.	 Willingness to improve work attitudes 0.761 35 0.780 19.5
2.5.	 Co-operation with management 0.766 31.5 0.700 43
2.6.	 Willingness to perform overtime/shift
work
0.706 50.5 0.640 55
2.7.	 Initiative 0.715 47.5 0.610 56.5
2.8.	 Motivation 0.696 52 0.670 49.5
3.	 Head Office / Site Office Collaboration
3.1.	 Efficient communication between
head office and site
0.830 9.5 0.768 25.5
3.2.	 Timely recruitment of site personnel 0.766 31.5 0.768 25.5
3.3.	 Prompt payment of site staff salaries 0.800 20 0.737 33
3.4.	 Prompt despatch to site of changes
in instructions / drawing
amendments
0.872 4.5 0.863 4
3.5.	 Ample support from head office
management
0.774 28.5 0.726 35.5
3.6.	 Prompt payment of sub-contractors /
suppliers
0.817 15.5 0.779 22
4.	 Guidance from Consultants
4.1.	 Timely issues of drawings by
consultants
0.898 2 0.870 2.5
4.2.	 Availability of detailed drawings 0.864 6 0.830 8
4.3.	 Availability of precise technical
specifications
0.817 15.5 0.770 24
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4. Guidance from Consultants
4.4. Availability of consultant's site staff
to check work progress
4.5. Availability of consultant's site staff
to clarify drawings / site instructions
4.6. Overall co-operation of consultant's
site staff
5. Collaboration with Subcontractors and
Suppliers
5.1. Co-operation from sub-contractors
5.2. Co-operation from suppliers
5.3. Good, long-lasting rapport with
subcontractors / suppliers
5.4. Efficient service by external
maintenance / repair personnel
6. Site Facilities and Operations
6.1. Availability of on-site clerical staff
6.2. Availability of telephone extensions /
fax machines / photocopiers
6.3. Availability of computers on site
6.4. Sufficient floor area in site office
6.5. Availability of washrooms / toilets /
vehicle wash areas
6.6. Sufficient canteen area / food
vendors on site
6.7. Availability of accommodation for
foreign workers
6.8. Availability of transportation for
workers to and from site
6.9.	 Issuing of correct site instructions to
workers
6.10. Maintenance of proper records
7. Material Procurement
7.1. Timely delivery of materials to site
7.2. Sufficient storage area for incoming
materials
7.3. Materials delivered in good condition
7.4. Sufficient stock of materials on site
7.5.	 Loading / unloading facilities on site
Table 5.11: Indexes and rankings of items that improve productivity (cont'd)
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
0.749 38 0.690 46.5
0.796 21 0.810 12
0.887 3 0.890 1
0.872 4.5 0.860 5
0.813 17.5 0.790 16
0.821 13.5 0.790 16
0.779 27 0.700 43
0.638 60 0.642 54
0.762 33.5 0.726 35.5
0.604 62 0.537 63
0.591 63 0.568 62
0.706 50.5 0.570 61
0.653 58 0.590 60
0.762 33.5 0.700 43
0.630 61 0.610 56.5
0.791 23 0.830 8
0.822 11.5 0.779 22
0.855 7 0.840 6
0.740 39.5 0.720 37.5
0.791 23 0.800 13
0.739 41.5 0.700 43
0.715 47.5 0.720 37.5
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8. Construction Equipment
8.1.	 Availability / reliability of tower
cranes
8.2.	 Availability / reliability of workers' lifts
8.3.	 Availability / reliability of concrete
pumps
8.4. Availability / reliability of other
equipment (e.g. mobile cranes,
excavators, dump trucks)
8.5. Regular maintenance of plant and
equipment
8.6. Fast and efficient repair of plant and
equipment
9. Prefabrication
9.1. Preassembly of reinforcement
(preassembled in cages off-site)
9.2. Formwork prefabricated off-site
9.3. Use of precast concrete elements
10. Site Safety! Security
10.1.	 Adequate site security
arrangements
10.2.	 Adequate lighting facilities for night
work
10.3.	 Adequate safety notices on site
10.4.	 Sufficient stock of safety items
10.5.	 Deployment of security /safetys f t
officers
10.6.	 Good housekeeping
Table 5.11: Indexes and rankings of items that improve productivity (cont'd)
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
0.719 46 0.790 16
0.660 57 0.740 32
0.722 45 0.710 39.5
0.726 43 0.690 46.5
0.783 25.5 0.750 30.5
0.822 11.5 0.790 16
0.676 55 0.650 52.5
0.640 59 0.600 58.5
0.680 54 0.650 52.5
0.713 49 0.700 43
0.774 28.5 0.760 27.5
0.740 39.5 0.710 39.5
0.757 36 0.730 34
0.668 56 0.680 48
0.770 30 0.760 27.5
Rank correlation coefficient : 0.868
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Table 5.12: Attributes of managers and supervisors:
Indexes and rankings for local and foreign contractors
1.	 Attributes of Managers and Supervisors
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
1.1.	 Teamwork 0.923 (1) 0.870 (1)
1.2.	 Communication Skills 0.783 (6) 0.750 (7)
1.3.	 Initiative 0.813 (3) 0.779 (5)
1.4.	 Motivation 0.791 (5) 0.758 (6)
1.5.	 Commitment to company goals 0.809 (4) 0.811 (4)
1.6.	 Experience! knowledge/skills 0.739 (7) 0.820 (3)
1.7.	 Sense of responsibility 0.851 (2) 0.830 (2)
1.8.	 Ability to play bridging role between
management and workers
0.724 (8) 0.670 (8)
1.9.	 Ability to train new employees 0.687 (9) 0.600 (9)
Average 0.791 0.765
Rank correlation coefficient : 0.817
Table 5.13: Work attitudes of site workers: Indexes and rankings for
local and foreign contractors
2.	 Work Attitudes of Site Workers
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
2.1.	 Good habits and work practices 0.830 (1) 0.780 (2.5)
2.2.	 Sense of responsibility 0.821 (2) 0.790 (1)
2.3.	 Pride and interest in work 0.752 (5) 0.660 (6)
2.4.	 Willingness to improve work attitudes 0.761 (4) 0.780 (2.5)
2.5.	 Co-operation with management 0.766 (3) 0.700 (4)
2.6.	 Willingness to perform overtime/shift
work
0.706 (7) 0.640 (7)
2.7.	 Initiative 0.715 (6) 0.610 (8)
2.8.	 Motivation 0.696 (8) 0.670 (5)
Average 0.756 0.704
Rank correlation coefficient : 0.756
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Table 5.14: Head office/site office collaboration: Indexes and rankings for
local and foreign contractors
3.	 Head Office / Site Office Collaboration
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
3.1.	 Efficient communication between
head office and site
0.830 (2) 0.768 (3.5)
3.2.	 Timely recruitment of site personnel 0.766 (6) 0.768 (3.5)
3.3.	 Prompt payment of site staff salaries 0.800 (4) 0.737 (5)
3.4.	 Prompt despatch to site of changes
in instructions / drawing
amendments
0.872 (1) 0.863 (1)
3.5.	 Ample support from head office
management
0.774 (5) 0.726 (6)
3.6.	 Prompt payment of sub-contractors /
suppliers
0.817 (3) 0.779 (2)
Average 0.810 0.774
Rank correlation coefficient : 0.671
Table 5.15: Guidance from consultants: Indexes and rankings for
local and foreign contractors
4.	 Guidance from Consultants
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
4.1.	 Timely issues of drawings by
consultants
0.898 (1) 0.870 (2)
4.2.	 Availability of detailed drawings 0.864 (3) 0.830 (3)
4.3.	 Availability of precise technical
specifications
0.817 (4) 0.770 (5)
4.4.	 Availability of consultant's site staff
to check work progress
0.749 (6) 0.690 (6)
4.5.	 Availability of consultant's site staff
to clarify drawings / site instructions
0.796 (5) 0.810 (4)
4.6.	 Overall co-operation of consultant's
site staff
0.887 (2) 0.890 (1)
Average 0.835 0.810
Rank correlation coefficient : 0.886
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Table 5.16: Collaboration with subcontractors and suppliers: Indexes and
rankings for local and foreign contractors
5.	 Collaboration with Subcontractors and
Suppliers
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
5.1.
	 Co-operation from sub-contractors 0.872 (1) 0.860 (1)
5.2.	 Co-operation from suppliers 0.813 (3) 0.790 (2.5)
5.3.	 Good, long-lasting rapport with
subcontractors / suppliers
0.821 (2) 0.790 (2.5)
5.4.	 Efficient service by external
maintenance / repair personnel
0.779 (4) 0.700 (4)
Average 0.821 0.785
Rank correlation coefficient : 0.95
Table 5.17: Site facilities and operations: Indexes and rankings for
local and foreign contractors
6.	 Site Facilities and Operations
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
6.1.	 Availability of on-site clerical staff 0.638 (7) 0.642 (5)
6.2.	 Availability of telephone extensions /
fax machines / photocopies
0.762 (3.5) 0.726 (3)
6.3.	 Availability of computers on site 0.604 (9) 0.537 (10)
6.4.	 Sufficient floor area in site office 0.591 (10) 0.568 (9)
6.5.	 Availability of washrooms / toilets /
vehicle wash areas
0.706 (5) 0.570 (8)
6.6.	 Sufficient canteen area / food
vendors on site
0.653 (6) 0.590 (7)
6.7.	 Availability of accommodation for
foreign workers
0.762 (3.5) 0.700 (4)
6.8.	 Availability of transportation for
workers to and from site
0.630 (8) 0.610 (6)
6.9.	 Issuing of correct site instructions to
workers
0.791 (2) 0.830 (1)
6.10.	 Maintenance of proper records 0.822 (1) 0.779 (2)
Average 0.696 0.655
Rank correlation coefficient : 0.864
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Table 5.18: Material procurement: Indexes and rankings for
local and foreign contractors
7.	 Material Procurement
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
7.1.	 Timely delivery of materials to site 0.855 (1) 0.840 (1)
7.2.	 Sufficient storage area for incoming
materials
0.740 (3) 0.720 (3.5)
7.3.	 Materials delivered in good condition 0.791 (2) 0.800 (2)
7.4.	 Sufficient stock of materials on site 0.739 (4) 0.700 (5)
7.5.	 Loading / unloading facilities on site 0.715 (5) 0.720 (3.5)
Average 0.768 0.756
Rank correlation coefficient : 0.825
Table 5.19: Construction equipment: Indexes and rankings for
local and foreign contractors
8.	 Construction Equipment
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
8.1.	 Availability/reliability of tower
cranes
0.719 (5) 0.790 (1.5)
8.2.	 Availability / reliability of workers' lifts 0.660 (6) 0.740 (4)
8.3.	 Availability! reliability of concrete
pumps
0.722 (4) 0.710 (5)
8.4.	 Availability / reliability of other
equipment (e.g. mobile cranes,
excavators, dump trucks)
0.726 (3) 0.690 (6)
8.5.	 Regular maintenance of plant and
equipment
0.783 (2) 0.750 (3)
8.6.	 Fast and efficient repair of plant and
equipment
0.822 (1) 0.790 (1.5)
Average 0.739 0.745
Rank correlation coefficient : 0.214
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Table 5.20: Prefabrication: Indexes and rankings for
local and foreign contractors
9.	 Prefabrication
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
9.1.	 Preassembly of reinforcement
(preassembled in cages off-site)
0.676 (2) 0.650 (1.5)
9.2.	 Formwork prefabricated off-site 0.640 (3) 0.600 (3)
9.3.	 Use of precast concrete elements 0.680 (1) 0.650 (1.5)
Average 0.665 0.633
Rank correlation coefficient : 0.875
Table 5.21: Site safety/security: Indexes and rankings for
local and foreign contractors
10. Site Safety / Security
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
10.1.	 Adequate site security
arrangements
0.713 (5) 0.700 (5)
10.2.	 Adequate lighting facilities for night
work
0.774 (1) 0.760 (1.5)
10.3.	 Adequate safety notices on site 0.740 (4) 0.710 (4)
10.4.	 Sufficient stock of safety items 0.757 (3) 0.730 (3)
10.5.	 Deployment of security / safety
officers
0.668 (6) 0.680 (6)
10.6.	 Good housekeeping 0.770 (2) 0.760 (1.5)
Average 0.737 0.723
Rank correlation coefficient : 0.986
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Table 5.22: Group indexes and rankings for local and foreign contractors
Groups
Local Contractors Foreign Contractors
Importance
Index
Ranking Importance
Index
Ranking
1.	 Attributes of Managers and Supervisors 0.791 (4) 0.765 (4)
2.	 Work attitudes of Site Workers 0.756 (6) 0.704 (8)
3.	 Head Office! Site Office Collaboration 0.810 (3) 0.774 (3)
4.	 Guidance from Consultants 0.835 (1) 0.810 (1)
5.	 Collaboration with Subcontractors and
Suppliers
0.821 (2) 0.785 (2)
6.	 Site Facilities and Operations 0.696 (9) 0.655 (9)
7.	 Material Procurement 0.768 (5) 0.756 (5)
8.	 Construction Equipment 0.739 (7) 0.745 (6)
9.	 Prefabrication 0.665 (10) 0.633 (10)
10.	 Site Safety/Security 0.737 (8) 0.723 (7)
Rank correlation coefficient : 0.964
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Ho : cps = 0	 (there is no correlation between the two ranks in the
population)
: cps # 0	 (there is correlation between the two ranks in the
population)
Bechtold and Johnson (1989) recommended that a z-test be used if n, the number of
pairs of ranks, is 30 or larger, and a t-test should be used if n is between 10 and 30.
They cautioned that the results can be very unstable if n is less than 10 and stated
that the test should not be conducted for such small samples. The z-test for
significance of rs
 is given by the equation
=	 rs	 ... (5.3)
The t-test for significance of rs is given by the equation
n — 2 
rs (1— rs2)
... (5.4)
Dietrich and Kearns (1983) suggested that if n is 30 or less, the value of r s should be
compared with the critical values of Spearman's Rank Correlation Coefficient
shown in Table 5.23. If the value of rs is greater than the critical value of the Rank
Correlation Coefficient, then the null hypothesis is rejected. This computation is
simpler compared to the use of eqn. (5.4) for the t-test.
5.13.3 Results of significance tests
For the 63 individual items, the correlation coefficient is 0.868. The null hypothesis
that "local contractors and foreign contractors do not agree on the order of ranking
of items that improve productivity" is now tested, using a z-test at 95% confidence
level.
z(eak.„iated) from eqn. 5.3 is given by
z(cacwat,i) =	 0.868 •-n/.	 = 6.83
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The tabulated z-scores for large-sample confidence levels are given as follows:
Confidence desired
90% 95% 99%
Value of z 1.65 1.96 2.58
Using a 95% confidence, zciitical = 1.96
As z(miculaied) > 1.96 , the null hypothesis is rejected.
Therefore the null hypothesis is rejected in favour of the alternative hypothesis that
local and foreign contractors generally agree on the order of ranking of the 63
items.
For the ten groups of items, the correlation coefficient, r s, is 0.964. For n = 10 and
at 95% confidence level, the critical value of Spearman's Rank Correlation
Coefficient is 0.564 (from Table 5.23). As the value of r s (= 0.964) is greater than
the critical value (r.= 0.564), the null hypothesis is rejected. Therefore the
significance test shows that local and foreign contractors again generally agree on
the ranking of the ten groups of items that improve productivity.
5.14 SUMMARY OF SURVEY FINDINGS
The importance indexes obtained from the ten groups of items listed in Part I of the
survey are given in Table 5.24. The values are listed under three categories, namely
local contractors (47 respondents), foreign contractors (20 respondents) and total
respondents (i.e. local and foreign contractors combined).
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Table 5.23: Critical values of Spearman's Rank Correlation Coefficient
n a = .05 a = .025 a = .01 a = .005
5 0.900 - - -
6 0.829 0.886 0.943 -
7 0.714 0.786 0.893 -
8 0.643 0.738 0.833 0.881
9 0.600 0.683 0.783 0.833
10 0.564 0.648 0.745 0.794
•
11 0.523 0.623 0.736 0.818
12 0.497 0.591 0.703 0.780
13 0.475 0.566 0.673 0.745
14 0.457 0.545 0.646 0.716
15 0.441 0.525 0.623 0.689
16 0.425 0.507 0.601 0.666
17 0.412 0.490 0.582 0.645
18 0.399 0.476 0.564 0.625
19 0.388 0.462 0.549 0.608
20 0.377 0.450 0.534 0.591
21 0.368 0.438 0.521 0.576
22 0.359 0.428 0.508 0.562
23 0.351 0.418 0.496 0.549
24 0.343 0.409 0.485 0.537
25 0.336 0.400 0.475 0.526
26 0.329 0.392 0.465 0.515
27 0.323 0.385 0.456 0.505
28 0.317 0.377 0.448 0.496
29 0.311 0.370 0.440 0.487
30 0.305 0.364 0.432 0.478
Source: "Distribution of Sums of Squares of Rank Differences for Small
Samples". E.G. Olds, Annals of Mathematical Statistics, Vol. 9 (1938)
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Table 5.24: Factors important in improving construction productivity:
Summary of group importance indexes
Group Item
No. of
sub-
items
Average importance index
Local
contractors (47
respondents)
Foreign
contractors (20
respondents)
Total: 67
respondents
1.	 Attributes of managers
and supervisors
9 0.791 0.765 0.782
2.	 Attitudes of site workers 8 0.756 0.704 0.735
3. Head office/site office
collaboration
6 0.810 0.774 0.789
4.	 Guidance from
consultants
6 0.835 0.810 0.828
5.	 Collaboration with sub-
contractors and
suppliers
4 0.821 0.785 0.811
6.	 Site facilities and
operations
10 0.696 0.655 0.686
7.	 Material procurement 5 0.768 0.756 0.765
8.	 Construction equipment 6 0.739 0.745 0.740
9.	 Prefabrication 3 0.665 0.633 0.656
10. Site safety/security 6 0.737 0.723 0.734
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The respondents placed highest importance on receiving guidance from the
consultants. The second most important item in improving productivity was stated
as collaboration between contractors and their sub-contractors and suppliers. The
third most important item was given as collaboration between the contractor's head
office and its site offices.
Among the ten groups of items surveyed, the respondents ranked prefabrication as
the least important in improving construction productivity. This low ranking is in
contrast to the call by the Construction Industry Development Board to promote
the use of prefabrication. The 1992 CIDB Construction Productivity Taskforce
Report noted that "Industries still have the potential for wider application of
prefabrication, especially the use of precast components to replace conventional,
structural and brick and wall tile architectural work".
The second part of the survey analysis focused on non-parametric statistical tests.
This involved separating the respondents in two groups, namely local and foreign
contractors. The correlation between the order of ranking given by these two
groups of respondents was determined using the Spearman's Rank Correlation
Coefficient. A significance test was conducted on the null hypothesis that "local
and foreign contractors do not agree on the ranking of items that improve
productivity". The test rejected the null hypothesis, therefore it supported the
alternative hypothesis that local and foreign contractors generally agree on the order
of ranking of items that improve productivity.
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5 (n, + n2 + n3 + n4 + n5)
CHAPTER 6
SURVEY ON CONSTRUCTION
PRODUCTIVITY IN SINGAPORE
(Part II)
6.1 INTRODUCTION
The questionnaire survey conducted in October 1992 formed an essential part of
this doctoral research programme on construction productivity. Part I of the survey
has been thoroughly discussed in Chapter 5 and Part II will be dealt with in this
chapter. Both parts of the survey complimented each other and were conducted as
one exercise. While items in Part I of the survey concentrated on items that would
improve productivity, those in Part II dealt with problems encountered by
contractors at construction sites.
6.2 PROBLEMS ENCOUNTERED AT CONSTRUCTION SITES
In Part H of the survey, respondents were asked if they had encountered a list of 17
problems at construction sites and to rank their answers as "very often", "often",
"sometimes", "rarely" or "never". Respondents were also invited to identify any
other problems that they had encountered at construction sites. The 17 items listed
in the questionnaire were later conveniently grouped into three categories, namely
manpower, management and environmental.
The "importance index" was calculated for each item by using the formula:
5n1 + 4n2 + 3n3 + 2n4 + n5Importance Index —
where n1	 =	 number of respondents that answered "very often"
n2	=	 number of respondents that answered "often"
n3	=	 number of respondents that answered "sometimes"
n4	 =	 number of respondents that answered "rarely"
n5	=	 number of respondents that answered "never"
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The results of the survey are given in Table 6.1.
6.3 MANPOWER PROBLEMS
Under "Manpower" problems, the seven issues raised were:
• Recruitment of supervisors;
• Recruitment of workers;
• Labour turnover;
• Absenteeism;
• Communication problems with foreign workers;
• Alcoholism and similar problems among workforce; and
• Labour disruptions.
According to the survey returns, the five most important issues that need to be
addressed by the local construction industry are:
• difficulty in recruitment of supervisors (Importance index: 0.77);
• difficulty in recruitment of workers (Importance index: 0.71);
• the high rate of labour turnover (Importance index: 0.67);
• absenteeism at worksite (Importance index: 0.58); and
• communication problems with foreign workers (Importance index: 0.58)
Of the 17 items listed in the survey, the item on "difficulty in recruitment of
supervisors" topped the list, with 27 per cent of respondents stating that they
encountered this problem very often. Ranked second was the item on "difficulty in
recruitment of workers" with 21 per cent of respondents mentioning that they
encountered this problem very often. The difficulty in recruiting supervisors and
workers is shared by the Construction Industry Development Board in its
publication on "Construction Manpower Update 1991". In the above CIDB report,
contractors reported that the greatest shortfall in terms of manpower shortage was
for skilled workers (41 per cent), unskilled workers (24 per cent), civil engineers
(18 per cent) and foremen (18 per cent). Contractors reported problems in
recruiting staff in the face of the brisk demand, coupled with a tight labour market.
Difficulties experienced included no or very few responses to newspaper
advertisements for supervisory staff, even though the same vacancies were
advertised more than once.
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Table 6.1: Problems encountered at construction sites
Has your company encountered
the following problems at
construction sites?
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Difficulty in recruitment of 18 24 22 2 1 67 0.77 (1)
supervisors 27% 36% 33% 3% 1%
Difficulty in recruitment of workers 14 21 20 9 2 66 0.71 (2)
21% 32% 30% 14% 3%
High rate of labour turnover 7 24 21 11 2 65 0.67 (3)
11% 37% 32% 17% 3%
Absenteeism.at the worksite 2 11 32 19 1 65 0.58 (4)
3% 17% 49% 29% 1%
Communication problems with 3 6 41 15 2 67 0.58 (4)
foreign workers 4% 9% 61% 23% 3%
Inclement weather (requiring work 4 11 32 18 0 65 0.55 (6)
stoppage of one day or more) 6% 17% 49% 28% 0%
Health issues (e.g. mosquito breeding) 2 3 23 30 8 66 0.48 (7)
3% 5% 35% 45% 12%
Material Procurement Problems 2 2 26 28 7 65 0.47 (8)
3% 3% 40% 43% 11%
Alcoholism and similar type problems 1 1 21 36 7 66 0.46 (9)
among workforce 1% 1% 32% 55% 11%
Disruption of power / water supply 0 1 18 44 4 67 0.45 (10)
0% 1% 27% 66% 6%
Labour disruptions (e.g. manpower 1 1 20 30 14 66 0.43 (11)
shortage, job-hopping, strikes) 1% 1% 31% 46% 21%
Work stoppage due to delays in 0 0 21 28 16 65 0.42 (12)
material delivery to site 0% 0% 32% 43% 25%
Work stoppage due to insolvency 0 0 11 25 30 66 0.34 (13)
of subcontractors / suppliers 0% 0% 17% 38% 45%
Stop-work order due to accidents 0 0 4 38 23 65 0.34 (13)
on site 0% 0% 6% 59% 35%
Stoppage due to rejection of work 0 2 4 24 36 66 0.32 (15)
by consultants 0% 3% 6% 36% 55%
Stop-work order due to infringement 0 0 2 26 37 65 0.29 (16)
of government regulations 0% 0% 3% 40% 57%
Work stoppage (for one day or more) 0 2 2 20 41 65 0.28 (17)
due to disputes with owners/consultants 0% 3% 3% 31% 63%
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According to the CLDB Construction Manpower Update 1991, the construction
industry is not only losing experienced and skilled locals to other sectors, it is also
attracting less fresh talent. The above CLDB Manpower Update further added that
while construction employers reported shortage of labour and difficulty in
recruitment, trained civil engineers, civil construction engineers and other
construction personnel could be found in all types of jobs outside the construction
industry, such as in banking, finance and sales.
Apart from the difficulty in recruiting supervisors and workers (ranked one and two
respectively), the other three important factors are the high rate of labour turnover,
absenteeism, and communication problems with foreign workers. As regards the
high rate of labour turnover, local workers have no difficulty in moving from one
job to another as they are not bound by any regulations regarding change of
employment. As for foreign workers, they are employed on a two-year work
permit but unfortunately a large percentage leave their jobs to return home before
the expiry of their contracts. This trend is being repeated with workers from
Malaysia and Thailand, as these two countries are enjoying a construction boom.
With regard to the high rate of absenteeism, most of the workers not turning up for
work are reported to be on medical leave or just taking the day off. The issue of
communication problems with foreign workers has indeed taken its toll on labour
productivity. As mentioned earlier, the industry's high dependency on foreign
workers is due to the fact that many Singaporeans shy away from the construction
sector. The Construction Industry Development Board (1995) in its Construction
Industry Manpower Survey 1994, reported that the biggest block of foreign
workers were Thais who constituted 38 per cent of the total number of construction
workers, followed by Malaysians (30 per cent), Bangladeshis (7 per cent), Indians
(5 per cent). From the list of nationalities working on Singapore construction sites,
it can be seen that different languages are spoken and it is obvious that there will be
communication problems. Though English is used amongst the professionals and
sub-professionals, other languages are also used on site, mainly Mandarin, Malay
and Thai.
The issue of communication problems is most prevalent among general workers, of
whom 88 per cent are foreigners, as shown in Table 6.2.
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Table 6.2: Deployment of foreign workers by trade category
Structural Trades 71%
Finishing Trades 56%
Building Services 43%
Plant & Equipment Operation 46%
General Workers 88%
Others 57%
Source: Construction Industry Development Board,
Annual Report, 1992
The other two items under "Manpower" category were:
• alcoholism and similar type problems among workforce; and
• labour disruptions.
These two items were ranked no. 9 and 11 respectively. Alcoholism and similar
type problems are presently not of any significant concern at construction sites.
Such problems do occur from time to time but the site management staff keep such
issues under control. Problems such as labour disruptions rarely occur in
Singapore. If at all, labour disruptions refer to manpower shortage and acute job-
hopping, rather than to strikes called by trade unions. The survey results of
manpower issues are illustrated in Figure 6.1.
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6.4 MANAGEMENT PROBLEMS
Under "management" problems, the issues raised were:
• material procurement problems;
• disruption of power/water supply; and
• delays in delivery of materials to site.
• Stop-work order due to site accidents
• Stoppage due to work rejected by consultants
• Stop-work order due to infringement of government regulations
• Stoppage due to disputes with owners/consultants
• Stoppage due to insolvency of sub-contractors/suppliers
Most of the eight management problems identified above were of little concern to
the respondents. Indeed, all had importance indexes of below 0.5:
• materials shortages (importance index: 0.47);
• disruption of power/water suppliers (importance index: 0.45);
• delays in materials deliveries to site (importance index: 0.42);
• work stoppage due to insolvency of sub-contractors/suppliers (importance
index: 0.34);
• stop-work orders due to site accidents (importance index: 0.34);
• stop-work orders due to infringement of government regulations (importance
index: 0.29);
• work stoppages due to work being rejected by consultants (importance index:
0.32); and
• work stoppages due to disputes with owners/consultants (Importance index:
0.28).
There are occasional materials shortage problems (importance index: 0.47), such as
shortages of materials (e.g. cement, bricks, steel reinforcement), which can be of
concern as they may cause much work disruption on site. As for the disruption of
power/water supply (importance index: 0.45), the problems are more often than not
caused by the contractors themselves, for example when underground power cables
are struck by excavators, and water pipes are burst during excavation work.
Another cause of power disruption is the damage of supply lines during the
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relocation process. Often, drawings are not available for services laid several
decades ago, and this often makes identification and relocation work difficult.
With regard to work stoppage due to delays in material deliveries to sites
(importance index: 0.42), these problems have to be resolved between the suppliers
and the main/sub-contractors. In urban Singapore, timely delivery of materials is
important because of a shortage of storage space at construction sites. When
materials are delivered too early, this often results in double handling, while delays
in deliveries also have an adverse effect on productivity.
There appears to be little concern about possible work stoppages due to insolvency
of subcontractors/suppliers. The great majority of respondents also rarely
experienced stop-work orders being handed down by the Factory Inspectorate of
the Ministry of Labour because of accidents on site. Stop-work orders are normally
issued in the case of accidents on construction sites that result in death. However,
it is mandatory for the following types of accidents to be reported to the Chief
Inspector of Factories:
• accidents resulting in the death of a person;
• accidents disabling a worker for more than 3 days; and
• accidents which cause an injured worker to be hospitalised for at least 24 hours.
Serious site accidents seldom occur, but those that have occurred usually relate to
the collapse of falsework or cave-ins during excavation work. The enforcement of
the Factories Act and the promotion of safe work practices by the Department of
Industrial Safety, Ministry of Labour, have greatly reduced the number of
construction site accidents. As for stop-work orders being issued by government
departments for infringement of other regulations, the great majority of respondents
have never encountered such problems.
The other two issues relate to work being rejected by consultants and disputes with
owners/consultants. To understand these issues, it is necessary to understand the
nature of construction contracts used in Singapore. The owner (commonly known
as the developer or employer), engages a consultant, who is normally the architect
for building works and the engineer for civil engineering works, to design and
inspect the construction of the project. Under a separate contract, the owner
engages a contractor to execute the works. This "traditional" contract structure is
still the most popular and most widely used today. The other contract type often
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used in specialised civil engineering works is the "design-and-build" approach, in
which the design function is included among the responsibilities of the contractor.
The respondents to the survey generally referred to the traditional contract structure
in which the owner's representative (the superintending officer for building works or
the resident engineer for civil/structural engineering works) is entrusted with certain
powers and functions and the discretion to execute the works. Although
contractors do complain of the high-handed behaviour of some owners'
representatives, by and large, misunderstandings are resolved before they become
major issues. As a result, the respondents to the survey rarely encountered
stoppages because of the rejection of work by consultants.
The survey respondents also did not report work stoppages due to disputes with
owners/consultants. This is a healthy sign. Claims by contractors are checked by
the consultants (normally the quantity surveyor) before they are recommended to
the owners for payment. Of course, there have been reported cases of arbitration
due to disputes, but these issues rarely blow up into litigation cases. Indeed, one of
the reasons for the claims is that extra work is done by contractors because of
variations in design. Obviously, the design of a project may vary during the course
of its construction. There are several reasons for this, but an important one is that
the complexity of most construction projects makes it extremely difficult to define
with precision all the needs of the project during the initial design stage, particularly
where it is intended that the work should start as quickly as possible. For this
reason, there are provisions in contracts to allow for the design to be changed, and
there is thus an avenue for the contractor to make claims when necessary. The
results of the survey relating to management issues are given in Figure 6.2.
6.5 ENVIRONMENTAL PROBLEMS
Two final issues are inclement weather and health (e.g. mosquito breeding on site).
Inclement weather cannot be controlled, but contractors can overcome the
problems by prefabricating some of the works (e.g. precasting) in factories so that
the work will not be affected by poor weather. The respondents ranked inclement
weather sixth. Health issues were ranked seventh. Problems such as mosquito
breeding could be due to poor housekeeping on the site, or to ponding of water at
adjacent vacant plots. In the latter case, the blame does not lie with the contractor.
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6.6 COMMENTS BY RESPONDENTS
Respondents were also invited to identify other problems that they had encountered
at construction sites. The items listed by some of the respondents are as follows:
• late decisions and changes by owners/consultants;
• poor co-ordination between various project consultants (e.g. architect,
structural engineer, mechanical and electrical engineer, interior designer,
landscape consultant);
• unwillingness of site staff representing owners to inspect works after normal
office hours, and on Sundays and public holidays;
• unreasonable insistence by owners' representatives of compliance to
specifications without due regard for practicality/site conditions (e.g. insistence
on zero tolerance, 100 per cent inspection);
• unrealistic deadlines for project completion set by some owners;
• late certification of progress payments by consultants; and
• some designs not being buildable and hence not enhancing productivity.
Contractors sometimes encounter late decisions and changes made either by the
owner or the consultants. Though the above occurrences do cause delays and
impede productivity, both parties have to compromise to enable the project to
progress smoothly. On the average, civil engineering and building projects take
about two to four years to complete, and hence it would be unreasonable to expect
no changes during that period of time. Occasional late decisions and changes can
be accommodated by contractors, but frequent late decisions and changes must be
resisted by contractors, who should, quite rightly, be entitled to claims in these
circumstances.
The question of poor co-ordination between various project consultants has been
brought up by some contractors, whose works progress has obviously been
affected. Most projects in Singapore are executed according to the terms of the
traditional construction contracts in which the owner engages a team of consultants
to design the works, and then awards the contract to a construction company. The
main consultants are the architect, the civil and structural engineer, the mechanical
and electrical engineer and the quantity surveyor. Each firm of consultants works
on several projects simultaneously, and during boom periods, they are overstretched
and often do not find sufficient time to meet and co-ordinate the design.
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Contractors also remarked that the consultant's site staff are unwilling to work after
normal office hours and on Sundays and public holidays. The consultant's site staff
would comprise the resident engineer and the clerk-of-works. Depending on the
set-up and size of the consultant's site staff, a duty roster can be set-up whereby the
clerks-of-works are rostered to perform overtime work and are given time off in
lieu. However, on small projects where there is a manpower constraint, it would be
unreasonable to expect a single clerk-of-works to work late into the night and also
on Sundays and public holidays. As the clerk-of-works are normally paid by the
owners, the exact numbers of such personnel not only depend on the size of the
project, but also on the funds allocated by the owner for such expenditure.
Contractors also complained of unreasonable insistence by the consultants' site staff
on total compliance with specifications without due regard to site conditions. Such
difficulties can be resolved on an individual site basis, as the situation varies from
project to project. Consultants who write contract specifications must be aware of
prevailing conditions in Singapore, and when they obtain specifications written for
the industrialised countries, they must modify them to suit local conditions. For
example, technical specifications for the use of concrete must conform to
Singapore's hot humid climate and specifications on concreting in the temperate
zones must be modified when they are used for projects in Singapore.
As for unrealistic deadlines set for project completion by some owners, the onus
must be on the contractors as they are the ones tendering for the project and risk
paying liquidated damages for late completion. Again there is no overall solution to
such issues and they must be looked at on a case-by-case basis.
In the traditional construction-only contracts, the consultants establish the overall
work programme and advise the client on the project duration. Contractors then
tender according to the project duration worked out by the consultants, and are not
expected to recommend longer construction periods, though some contractors
come out with alternate designs to shorten the construction period and reduce
project costs. As consultants are not involved in the construction work, they may
not be in the best position to advise the owners on project duration. If projects
were tendered on a "design-and-build" basis, the contractor would be in a very
good position to advise the owners as to the most appropriate contract period.
Unfortunately, only a few "design-and-build" contracts are awarded in Singapore
each year.
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The question of late certification of progress payments by consultants has also been
raised by some respondents. A quantity surveyor, acting for the owner, checks the
monthly progress claims made by the contractor. The quantity surveyor normally
visits the site to ascertain the amount of work done to date as well as the quantity of
materials stored on site. Obviously there are occasions when there is disagreement
between the contractor's site agent and the quantity surveyor as to the amount to be
certified for payment by the owner.
Finally, a few respondents have claimed that some designs are not buildable and
hence do not enhance site productivity. The "buildability" culture must be brought
into a project right from the start, i.e. during the conceptual planning stage.
Decisions made during the conceptual planning stage will have most influence on
project costs. The items that influence project cost, in descending order of
importance, are:
• conceptual planning;
• design;
• procurement;
• construction; and
• start-up (i.e. commissioning).
It is evident from the above arguments that the contractor should be brought into
the project as early as possible so that its opinions can be taken into consideration
by the consultants during the planning and design stages. Unfortunately, in the case
of the traditional construction contracts, the contractor does not enter the project
arena until the design stage, at the earliest. Often the contractor is not a member of
the project team until the designs are substantially complete, by which time the
designers will be reluctant to entertain alternative designs submitted by the
contractor.
6.7 NON-PARAMETRIC STATISTICAL TESTS
Non-parametric statistical tests were used for Part I of the survey on the ranking of
63 items that contributed to productivity improvement at construction sites. The
same non-parametric statistical tests were also used for Part II of the survey on the
ranking of the 17 problems encountered at construction sites.
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6.7.1 Spearman's Rank Correlation Coefficient
The Spearman method is used to establish the correlation between the responses to
the 17 items given by local and foreign contractors. As mentioned earlier, 47
respondents were local contractors and 20 respondents were foreign contractors.
The importance indexes and ranking of the 17 items given by local and foreign
contractors are shown in Table 6.3.
6.7.2 Significance tests of Spearman's Correlation Coefficient
Spearman's Rank Correlation Coefficient was calculated to be 0.958. This is a very
high positive correlation between the two ranks, i.e. between the local and foreign
contractors. Again, as before, an important question remains to be answered,
whether the rank correlation coefficient of 0.958 indicates a significantly high
correlation between the two ranks. The null hypothesis to be tested is "local
contractors and foreign contractors do not agree on the ranking of problems
encountered at construction sites".
Using the usual hypothesis testing, the null hypothesis is tested:
H0 : cps = 0	 (there is no correlation between the two ranks in the
population)
Ha : (ps # 0	 (there is correlation between the two ranks in the
population)
In Part II of the survey, there are 17 items and the method suggested by Dietrich
and Kearns (1983) is to be adopted. For n = 17 and at 95% confidence level, the
critical value of Spearman's Rank Correlation Coefficient is 0.412 (from Table 5.23
given in Chapter 5 of this thesis. As the value of r s (= 0.958) is greater than the
critical value of (r. = 0.412), the null hypothesis is rejected. Therefore the
significance test shows that local and foreign contractors generally agree on the
order of ranking of the 17 problems encountered at construction sites.
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Table 6.3: Importance indexes and rankings of problems encountered at
construction sites
ITEM
Local contractors Foreign contractors
Importance
Index
Ranking Importance
Index
Ranking
1.	 Communication problems with
foreign workers
0.587 (6) 0.560 (5.5)
2.	 Difficulty in recruitment of
supervisors
0.830 (1) 0.620 (4)
3.	 Difficulty in recruitment of workers 0.743 (2) 0.630 (2.5)
4.	 High rates of labour turnover 0.676 (3) 0.660 (1)
5.	 Absenteeism at the worksite 0.591 (4.5) 0.560 (5.5)
6.	 Alcoholism and similar type
problems among workforce
0.443 (10) 0.490 (9)
7.	 Labour disruptions 0.430 (11) 0.440 (11)
8.	 Health issues (e.g. mosquito
breeding)
0.465 (8) 0.520 (7)
9.	 Procurement problems 0.502 (7) 0.480 (9)
10.	 Disruption of power/water supply 0.451 (9) 0.442 (10)
11.	 Inclement weather (requiring work
stoppage of one day or more)
0.591 (4.5) 0.630 (2.5)
12.	 Stop-work order due to accidents on
site
0.335 (13) 0.358 (14.5)
13.	 Stop-work order due to infringement
of government regulations
0.291 (16) 0.295 (17)
14.	 Work stoppages (for one day or
more) due to disputes with
owners/consultants
0.274 (17) 0.337 (16)
15.	 Stoppages due to rejection of work
by consultants
0.298 (15) 0.358 (14.5)
16.	 Work stoppages due to delays in
material delivery to site
0.413 (12) 0.421 (12)
17.	 Work stoppages due to insolvency
of sub-contractors/suppliers
0.332 (14) 0.368 (13)
Rank correlation coefficient : 0.958
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6.8 SUMMARY OF SURVEY FINDINGS
The importance indexes obtained from all the 67 respondents for the 17 items listed
in Part II of the survey are given in Table 6.1. The importance indexes from local
and foreign contractors that make up the 67 respondents are given in Table 6.3.
The non-parametric statistical tests showed that local contractors and foreign
contractors operating in Singapore generally agree on the ranking of problems
encountered at construction sites. The above opinion is based on the significance
tests conducted on the null hypothesis.
The overall survey results showed that of all the 17 items listed in Part II, the five
most severe problems facing the industry were:
• difficulty in recruitment of supervisors;
• difficulty in recruitment of workers;
• high rate of labour turnover,
• absenteeism at worksite; and
• communication problems with foreign workers.
Various problems not listed in the survey questionnaire were also encountered by
some contractors at construction sites. These items are as follows:
• late decisions and changes by owners/consultants;
• poor co-ordination between various project consultants;
• unwillingness of site staff representing owners to inspect works after normal
office hours;
• unreasonable insistence by owners' representatives of compliance to
specifications;
• unrealistic deadlines for project completion;
• late certification of progress payments; and
• some designs not being buildable.
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CHAPTER 7
OVERALL BUILDING PRODUCTIVITY
MEASUREMENTS
7.1 INTRODUCTION
The survey questionnaire described in Chapters 5 and 6 involved attitudes, beliefs
and value systems and on its own can only encompass subjective aspects of
productivity. A thorough knowledge of the subject is only possible through a
comprehensive study of its quantitative aspects, if not at industry level, then at least
at company or project level. As such it would be worthwhile to study various
quantitative methods, including construction productivity measurements, for
reasons of:
• providing management with an effective tool to direct and control the
productivity performance of a company;
• offering feedback to employees on their productivity performance; and
• creating a basis for sharing the gains of higher productivity.
Productivity measurement can be studied at various levels. At the international
level, productivity measurement indicators enable a country to compare its
competitiveness with other countries, while at the national level, it gauges the
performance of the economy and its various sectors. Productivity measurement at
company level enables companies to monitor their own performance against others,
as well as against their industry average.
Construction productivity at company level can be grouped under various
departments, for example, productivity of head office and that of individual
construction sites. Productivity at a particular building site can be measured for the
overall project encompassing all the various trades, or can be measured for
individual trades. Many researchers have devised techniques for measuring
individual trades. Lall and Minkarah (1993) have measured the productivity of deck
placement and steelwork erection for two commercial structural steel building
projects in Cincinnati, Ohio, USA.
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Talhouni (1990) developed various detailed procedures for measuring productivity
in bricklaying for a research programme at the University of Dundee. Aldana
(1991) developed a technique for measuring the productivity of concrete formwork
and steel reinforcement activities on reinforced concrete framed buildings for
another research programme at the University of Dundee. Noor (1992) developed
a method of monitoring labour productivity, known as the daily visit method, for
four trades, namely the masonry, wall plastering, tiling and floor screeding trades.
Noor's research at the University of Dundee included studies on the variability in
productivity values, the incidence of delays and their effect on productivity of each
of the above four trades.
Arising from works by Fereig (1992), Lall and Minkarah (1993), Talhouni (1990),
Aldana (1991) and Noor (1992), it was found necessary to be able to also measure
the overall productivity of building projects (Lim and Price, 1995), apart from
individual building trades as discussed by the above researchers. This method
measures the area of built-up construction per man-day and is discussed in detail in
the rest of this chapter.
7.2 BUILT-UP CONSTRUCTION PER MAN-DAY
The Construction Industry Development Board, Singapore, in its 1992 Productivity
Taskforce report, stated that the local industry should adopt a productivity indicator
that measures the area of built-up construction (i.e. completed floor including
architectural and building services installation) per man-day. This indicator can be
used for the overall construction industry as well as for individual building projects.
Figure 7.1 illustrates that productivity can be measured for :
• the overall building industry; and
• individual building projects.
Productivity for individual projects can be measured upon project completion or
during construction. Productivity can be calculated on a monthly basis by
estimating the floor area completed at the end of each month and dividing this
figure by the total manpower used for that month.
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However, this method of measuring the floor area built per man-day on a monthly
basis is not as easy as one would like it to be, given the complex nature of modem
buildings. The manpower would comprise those of structural, architectural,
building services and other trades and it is necessary to establish the floor area
completed under the respective trades. If this method can be reliably adopted, then
the productivity of individual trades can be established, for example:
Floor area completed (structural)
Manpower (structural)
Floor area completed (architectural)
Manpower (architectural)
... (7.1)
... (7.2)
This technique, while commendable, would nevertheless take up a large amount of
monitoring. A simpler equation would be to compute the floor area completed for
every month for all the trades, and divide this by the total man-days. Because of the
different trades in building construction, the difficulty is to adequately estimate the
floor area completed. One way of overcoming the above difficulty is to calculate
the percentage of the project completed for each month using the equation:
Percentage of
Monthly progress payment certifiedbuilding completed for month 	 —
Total contract sum
... (7.3)
The estimated floor area (square metres) completed for that month is the above
percentage multiplied by the gross floor area of the building. The monthly
productivity figure is then given by:
Productivity (m2/man-day) =
(Monthly progress payment certified  )
x Gross floor area
Total contract sum
Monthly manpower
... (7.4)
169
This equation is used by the CIDB to compute the monthly productivity figures of
individual projects, grouped under various building categories. The annual
productivity figures for these building categories are summarised in Table 3.13 of
Chapter 3.
A step-by-step computation of monthly productivity is illustrated in Figure 7.2 and
the flowchart of productivity measurement is given in Figure 7.3. In addition to the
above, the database can also include the monthly progress claims submitted by the
contractor. From the above database, a number of computations and graphs can be
established, such as:
• productivity variations from month to month;
• monthly manpower variations;
• monthly progress claim variations; and
• monthly progress payments certified.
Regression equations can also be plotted for:
• productivity against progress claims;
• progress payments against monthly manpower; and
• progress payments against progress claims.
7.3 USEFULNESS OF PRODUCTIVITY COMPUTATION
It is useful to adopt the productivity equation (Eqn 7.4) to compute monthly
productivity figures for individual building projects. Obviously there are certain
constraints in using Eqn 7.4. Two points to consider are:
• that there should be no change in building plans with regard to floor area once
construction commences, i.e. no change to gross floor area; and
• that there should be no change to the total contract sum once construction
commences, i.e. assume no variation orders or omission.
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In reality, there are bound to be cost variations during the contract and also perhaps
changes to gross floor area, but in the context of this research, it must be
acknowledged that there will be some inaccuracies in the productivity figures once
there are changes to contract cost and/or gross floor area. Professionals in the
construction industry will also argue that the above productivity measurement
technique is accurate only if the monthly payments certified truly reflect the
progress achieved on site. There are instances when this is not the case, as for
example:
• when the weightage of the components of work on which payment is based, is
not correct;
• when the quantity surveyor, acting for the developer, is over-conservative and
certifies less that what has actually been constructed on site; and
• when the architect or engineer requests the quantity surveyor to reduce payment
when quality or work progress is poor.
In spite of the above reservations, the productivity equation is useful in enabling:
• monthly productivity figures to be monitored over the project duration;
• the mean monthly productivity figure of one project to be compared with the
mean value of other projects within the same building category; and
• the mean value of individual projects to be compared with the industry mean for
the same building category.
7.4 DETAILS OF PRODUCTIVITY MEASUREMENT
The data recorded in this thesis refer to 25 building projects in Singapore, namely
four projects under private residential projects category, 16 projects under public
residential projects category and five projects under commercial buildings category.
All the projects comprise multi-storey buildings and the following data are recorded
under each of the three categories mentioned above:
(i) contract sum;
(ii) contract period;
(iii) total floor area;
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(iv) type of structural system used;
(v) type of formwork system adopted; and
(vi) nature of the external wall system used.
The data for items (i) to (iii) have been summarised in Tables 7.1 to 7.3 while the
data for items (iv) to (vi) are given in the Appendix, Tables A52 to A57. The
monthly data collected from each of the 25 projects include:
(i)	 monthly manpower under the following categories of work:
• site management
• structural works
• architectural works
• building services
• general work
• external site works
(ii) progress claims submitted by the contractor;
(iii) progress payments certified by the quantity surveyor, acting for the
developer; and
(iv) cumulative progress payments certified.
From Equation (7.4), the monthly productivity figures are complied and the data are
recorded as shown in the Appendix (Tables Al to A25). Six graphs were drawn
for each of the 25 projects from the data obtained, to illustrate the following:
• monthly variations of productivity and payments certified;
• monthly variations of productivity and manpower utilisation;
• monthly variations of payments certified and progress claims;
• monthly variations of payments certified and manpower utilisation;
• correlation between payments certified and progress claims; and
• correlation between payments certified and manpower utilisation.
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All the above graphs are shown in the Appendix, Figures Al to A149. A summary
of the productivity data (i.e. productivity mean, maximum and minimum values and
standard deviations) together with the regression equations and correlations appears
in Table 7.4 to 7.9 under each of the three building categories.
Productivity histograms for each of the three building categories are illustrated in
Figures 7.4, 7.5 and 7.6.
7.5 OBSERVATIONS
From the results and computations, the mean, maximum and minimum productivity
values are as follows:
• Private residential projects: (from 51 monthly values taken from 4 projects)
Mean: 0.23 rem-d Max.: 1.42 m2/m-d Min.: 0.05 m2/m-d
• Public residential projects: (from 264 monthly values taken from 16 projects)
Mean: 0.61 m2/m-d Max.: 2.62 m2/m-d Min.: 0.06 m2/m-d
• Commercial projects: (from 84 monthly values taken from 5 projects)
Mean: 0.24 m2/m-d Max.: 0.71 m2/m-d Min.: 0.06 m2/m-d
The mean values from the current research work are close to the respective C1DB
figures, as follows:
Building Category 1994 ODB
Productivity Values*
Current research
Productivity values
Private residential 0.22 m2/m-d 0.23 m2/m-d
Public residential 0.66 m2/m-d 0.61 m2/m-d
Commercial 0.24 m2/m-d 0.24 m2/m-d
* Source: C1DB Annual Report 1995
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Table 7.4: Summary of productivity data for private residential projects
Project
No.
Productivity
monitoring period
(months)
Productivity data (m2/m-d)
Mean Maximum Minimum Std. Dev.
Al 15 0.42 1.42 0.21 0.31
A2 12 0.23 0.42 0.14 0.08
A3 12 0.13 0.22 0.08 0.05
A4 12 0.11 0.19 0.05 0.04
Table 7.5: Summary of regression equations and correlations for
private residential projects
Project
No.
Contract
period
(months)
Productivity
monitoring
period
(months)
Progress payment - claim
relationship
Progress payment -
manpower relationship
Regression
equation(a)
Correlation Regression
equation(b)
Correlation
Al 55 15 y = 0.67x + 0.94 y = 2.67x + 0.92
0.09 0.50
A2 27 12 y = 0.49x + 0.94 y = 1.65x + 0.57
0.19 0.25
A3 20 12 y = 0.47x + 0.90 y = 2.64x - 0.80
0.08 0.16
A4 18 12 y = 0.87x - 0.98 y = 1.3x + 0.60
0.06 0.06
(a) x-axis represents claims
y-axis represents progress payments
(b) x-axis represents manpower
y-axis represents progress payments
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Table 7.6: Summary of productivity data for public residential projects
Project
No.
Productivity
monitoring period
(months)
Productivity data (m2/m-d)
Mean Maximum Minimum Std. Dev.
B1 11 0.71 1.9 0.22 0.44
B2 21 0.42 0.73 0.19 0.15
133 23 0.41 0.69 0.11 0.15
B4 19 1.20 1.98 0.39 0.53
B5 14 0.49 0.74 0.07 0.19
B6 13 0.46 1.03 0.27 0.18
67 18 0.61 1.05 0.28 0.21
B8 12 0.44 0.68 0.24 0.14
B9 19 0.51 0.91 0.20 0.17
B10 18 0.94 2.62 0.06 0.64
B11 14 0.76 1.11 0.38 0.23
B12 18 0.68 1.34 0.22 0.28
B13 22 0.51 1.12 0.16 0.19
B14 11 0.43 0.71 0.19 0.16
B15 16 0.7 1.07 0.38 0.21
B16 15 0.48 0.77 0.15 0.16
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Table 7.7: Summary of regression equations and correlations for public
residential projects
Contract Productivity Progress payment - claim Progress payment -
Project period monitoring relationship manpower relationship
No. (months) period
(months)
Regression
equation(a)
Correlation Regression
equation(b)
Correlation
B1 35 11 y = 0.9x + 0.98 y = 3.47x - 0.73
0.01 0.14
B2 24 21 No correlation y = 2.0x - 0.60
0.04
B3 27 23 y = 0.99x - 0.91 y = 3.07x - 0.78
0.25 0.46
B4 22 19 y = 1.02x - 0.97 y = 7.18x - 0.82
0.38 0.63
B5 22 14 y = 0.72x + 0.91 y = 3.49x - 0.79
0.29 0.95
B6 30 13 y = 1.02x - 0.99 y = 2.27x - 0.96
0.08 0.13
B7 23 18 y = 0.95x - 0.96 y = 3.4x - 0.67
0.15 0.20
B8 25 12 y = 0.84x + 0.97 No correlation
0.13
B9 20 19 y = 0.85x - 0.93 y = 2.05x + 0.79
0.36 0.3
B10 19 18 y = 1.13x - 0.92 y = 0.83x + 0.26
1.02 0.97
B11 20 14 y = 1.03x - 0.69 y = 3.92x - 0.65
0.70 0.21
B12 19 18 y = 1.33x - 0.89 y = 3.37x - 0.68
0.75 0.03
B13 22 22 y = 0.84x + 0.90 y = 1.87x + 0.62
0.10 0.21
B14 27 11 y = 0.86x - 0.96 y = 2.39x - 0.81
0.11 0.53
B15 22 16 y = 0.94x - 0.99 y = 3.89x - 0.88
0.16 0.03
B16 22 15 y = 0.86x - 0.76 No correlation
0.28
(a) x-axis represents claims
y-axis represents progress payments
(b) x-axis represents manpower
y-axis represents progress payments
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Table 7.8: Summary of productivity data for commercial projects
Project
No.
Productivity
monitoring period
(months)
Productivity data (m2/m-d)
Mean Maximum Minimum Std. Dev.
Cl 13 0.34 0.58 0.14 0.14
C2 12 0.25 0.62 0.12 0.14
C3 15 0.32 0.48 0.08 0.12
C4 20 0.23 0.71 0.06 0.16
C5 24 0.14 0.30 0.07 0.06
Table 7.9: Summary of regression equations and correlations for
commercial projects
Contract Productivity Progress payment - claim Progress payment -
Project period monitoring relationship manpower relationship
No. (months) period
(months)
Regression
equation(a)
Correlation Regression
equation(b)
Correlation
Cl 16 13 y = 0.88x + 0.99 y = 4.22x + 0.67
0.14 0.68
C2 24 12 y = 0.50x + 0.95 No correlation
0.24
C3 24 15 y = 6.16 - 0.38 No correlation
0.43x
C4 30 20 y = 0.46x + 0.80 y = 2.39x + 0.41
0.20 1.89
C5 47 24 Data for progress claims y = 2.62x + 0.80
not available 0.20
(a) x-axis represents claims
y-axis represents progress payments
(b) x-axis represents manpower
y-axis represents progress payments
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Figures 7.7, 7.8 and 7.9 depict the "Less-than" ogives of distribution of productivity
values for each of the three building categories and the values are obtained from
computations given in Tables A49, MO and A51 in Appendix A.
The following per cent fall below the mean values from the "Less-than" ogive of
distribution of productivity values: (Figures 7.7 to 7.9):
• Private residential projects:
58% of the 51 monthly productivity figures are less than the mean of 0.23
m2/m-d (Figure 7.7)
• Public residential projects:
64% of the 263 monthly productivity figures are less than the mean of 0.61
rit2/m-d (Figure 7.8)
• Commercial projects:
59% of the 84 monthly productivity figures are less than the mean of 0.24
m2/m-d (Figure 7.9).
The performance of individual projects can also be measured against that of the
whole building category. For example, for the public residential category, project
B11 has a mean value of 0.76 m2/m-d, which is higher than the category mean of
0.61 m2/m-d. Hence the "Less-than" ogive (Figure 7.10) for project B11 shows
that whilst 47 per cent of monthly productivity values fall below its own mean value
of 0.76 m2/m-d, only 29 per cent of its productivity values fall below the category
mean of 0.61 rem-d. However, for project B3, with a mean of only 0.41 m2/m-d,
the "less-than" ogive (Figure 7.11) shows that 84 per cent of its monthly
productivity values fall below the category mean of 0.61 m2/m-d.
It is also possible to compare the productivity performance of two or more projects
by plotting the "less-than" ogives on the same graph, as illustrated in Figure 7.12.
Here, project B11 has a productivity mean of 0.76 m 2/m-d, which is much higher
than that of project B16 (mean of 0.48 m 2/m-d). Figure 7.12 shows that only 30
per cent of all values for project B11 fall below the category mean value of 0.61
m2/m-d, as compared to a high of 81 per cent for project B16. Finally, it is
observed that there is generally strong correlation for most projects between:
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• progress payments and progress claims; and
• progress payments and monthly manpower inputs.
However, in a few cases, there has been weak correlation or no correlation at all.
The values of correlations are shown in Tables 7.5, 7.7 and 7.9.
7.6 DISCUSSION
The productivity values obtained from this research agree well with the 1993 CIDB
Productivity values for all the three categories under study, namely private
residential, public residential and commercial buildings. The productivity values for
public residential buildings can be up to three times higher than corresponding
values for private residential buildings and commercial buildings. The laigher
productivity values for public housing projects are due to the simpler designs which
have made such projects very buildable. The results of this research have shown
that buildable designs enhance construction productivity.
In addition to making comparisons of productivity values between different
categories of buildings, it is also important to understand the variations in
productivity figures within individual projects. Generally, values computed using
equation (7.4) show that there is a productivity improvement when the labour force
becomes more familiar with the site and when plant and equipment are correctly
utilised. It is also noted that productivity also increases when high cost materials
such as mechanical and electrical equipment and expensive architectural materials
are delivered to site. When such deliveries are made, the payments certified by the
consultants will be high, resulting in higher productivity figures. Conversely, there
will be a decrease in productivity when there is a drop in payments certified, unless
there is a corresponding decrease in monthly manpower.
It is also important to note that payments certified will decrease when there is a
slowdown in the amount of work on site, which may be due to a variety of reasons,
e.g.
• breakdown in plant and equipment;
• inclement weather; and
• shortage of materials on site.
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In addition to using equation (7.4) to calculate monthly productivity, another
method is to compute the total overall floor area completed for the month and then
divide the figure by the monthly manpower. However, it is difficult to measure the
floor area since work consists of various types of items going on simultaneously,
comprising numerous architectural, mechanical and electrical works. Unlike
structural items, many architectural, mechanical and electrical works are in various
stages of completion and one is never sure how much to certify as work completed.
It is for this reason that the author strongly believes that the use of equation (7.4) is
still the best way of calculating monthly site productivity.
There is yet another method of computing productivity, but it is only for completion
of the structural floor. In such computations, equation (7.1) is used and the floor is
considered to be completed as soon as it is concreted. Although this method of
using equation (7.1) is not elaborated in this chapter, some calculations have been
done for the case study project which will be discussed later in Chapter 9.
7.7 SUMMARY
The research reported in this chapter shows that construction productivity can be
measured using the method adopted by the Construction Industry Development
Board, namely the technique of computing the area of built-up construction per
man-day. This is achieved by collecting monthly man-power returns and payments
certified by the consultants, and using the productivity equation given in Eqn (7.4).
It is also possible to study the monthly variations in productivity values for
individual building projects and also to establish correlation between:
• progress payments and progress claims; and
• progress payments and monthly manpower inputs.
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CHAPTER 8
PRODUCTIVITY MEASUREMENTS FOR
STRUCTURAL WORKS
8.1 INTRODUCTION
In addition to analysing the overall productivity values of buildings under
construction, it is prudent to analyse the productivity of individual trades. Just as
the productivity of companies make up the country's sectoral productivity and the
productivity of the various sectors make up the productivity at national level; the
combined productivity of individual trades within a building is a productivity
indicator of the project as a whole. As postulated by Lawlor (1985), productivity
measurements at national and sectoral (or industrial) levels are macro
measurements, while productivity measurements at company level and at
department level are at micro-level. In a similar way, productivity measurements at
individual trade level can be said to be at micro-level, while productivity
measurements at overall project level can be grouped under macro-level
productivity.
This chapter deals with productivity measurement at the micro level, by studying
the three main items of structural works in building construction, namely formwork,
reinforcement and concreting. These three items comprise the bulk of the structural
works and form an important indicator as to the progress of a building under
construction. Once the concrete members are constructed and have gained
sufficient strength, the formwork is removed and other building trades can follow.
These trades include brickwork, plastering and installation of mechanical and
electrical services such as the laying of electrical conduits, telephone trunking,
water and sewage pipes and air-conditioning ducts.
Most developers are very eager to have their buildings completed as soon as
possible and various sub-contractors have to move into the site and liaise with the
main building contractor with regard to installation of building trades and services.
Contractors should not wait for the concrete frame of multi-storey buildings to be
completed before installation of building and other services, they should instead
commence such works a few floors below the completed structural works.
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For the above reasons, structural works can be said to take the lead in building
construction and it is thus very worthwhile to monitor their progress by way of
productivity measurements.
8.2 FORMWORK PRODUCTIVITY
The variability of productivity in formwork operations is very wide due to the
nature of its works and the increasing diversity of construction methods that can be
used. In addition to the usual factors affecting productivity, three additional factors
directly influence formwork productivity.
8.2.1 Floor layout
The type of floor system can greatly influence the productivity of formwork. Flat
slab systems require less work than beam-and-slab systems and make buildings
more buildable, thereby enhancing productivity. However, should beam-and-slab
systems be used, then keeping to only a few beam sizes per floor would enhance
productivity as it makes the floor more buildable.
8.2.2 Equipment
Before the introduction of cranes to various sites, formwork units were restricted to
sizes manageable by site operatives. Today, the availability of tower cranes enables
the use of much larger units which may lead to a higher output rate. Methods of
moving formwork on sites have changed with improvements in lifting equipment
and these have resulted in more economic use of materials and reduction in labour
and plant content per unit formwork area. Generally, the positive impact of
equipment and lifting facilities on productivity lies in the possibility of handling
larger panels, which give rise to higher output rates.
8.2.3 Formwork system
There are several formwork systems that can be used for different projects.
However, there are two broad categories, namely:
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• proprietary or commercial system formwork; and
• conventional formwork, fabricated on site.
8.3 REINFORCEMENT PRODUCTIVITY
The two main steel reinforcement bar types are mild steel and high yield steel and
the length of bars normally supplied is 12 metres. In the United Kingdom, steel bars
supplied to construction sites are usually pre-cut and bent as required for specific
projects. This practice simplifies the work to be done on site. Some construction
sites in Singapore adopt this practice, but contractors on other projects still cut and
bend their bars on site, resulting in a substantial lowering of productivity arising
from the extra time that has to be spent performing this task. Although productivity
in the construction industry has been widely investigated in the last decade, there
are no actual data available for steel reinforcement installation activity and there
have been no recommendations made regarding productivity in this area. Some of
the factors that affect productivity of reinforcement installation include the
following:
• Steel Reinforcement Quantity
The quantity of steel reinforcement present in a concrete member tends to have
a direct impact on productivity. However, this factor cannot be considered in
isolation because of the likely effect of other factors.
• Design Arrangement of Bars
The level of difficulty that a steel fixer may encounter on a job is greatly
influenced by the arrangement of the bars. Productivity will tend to drop as the
level of difficulty arises due to the lower output of the steel fixer when a
particular design presents a complex arrangement of the reinforcing bars.
In reinforcement installation, the degree of congestion and the bar spacings
adversely affect productivity. With congested reinforcement, the steel installation
becomes more complex and obviously will require more time to perform.
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• Presence of Bent-up Bars
Straight bars are easier to detail, supply and install than bars with bends. Hence
the total number of bends within a member may have a significant impact on
productivity. Obviously some structural members have more bent bars than
others because of their physical features and structural function.
• Position of Member and Bar Locations
The position of a member within the whole structure as well as the bar locations
may affect productivity if they cause additional complexity to the task. Other
factors that influence the performance of steel fixers are the size of members and
their geometry and shape.
• Use of Factory Assembled Reinforcement
In some cases, reinforcement may be factory assembled and delivered to site
ready for placement in its final position. In other cases, reinforcement may be
pre-assembled on site at ground level before final placement. In deciding
whether or not to prefabricate reinforcement, it is necessary to balance the cost
of fixing and transporting prefabricated reinforcement cages against the cost of
lower productivity which may be encountered if the bars are individually bent on
site and transported onto the final locations.
8.4 PRODUCTIVITY IN CONCRETING
Concrete and concreting have generated great interest in the construction industry.
Much research has been done in the field of concrete technology, much more than
in formwork and steel reinforcement technology. However, most of the research is
on concrete materials and techniques in the manufacture of concrete, with little
research on the productivity aspects of concreting on the construction site.
The productivity of concreting operations will, to a large extent, depend on the
following:
• supply of concrete, including delivery times and intervals;
• workability of concrete, which relates to the state of the fresh concrete at the
point of discharge with regard to the ease of placing and vibrating the material;
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No. of man-hours
• the shape and size of the structural member, since the ease or difficulty of
pouring fresh concrete will depend not only on the state of the fresh concrete
and the presence of steel reinforcement, but also on the shape and dimensions of
the concrete member;
• the presence of steel reinforcement, as the numbers, size and spacing of the bars
can affect the pouring and proper compaction of fresh concrete;
• the availability of machinery such as concrete pumps and tower cranes, as these
can determine the speed at which concreting can progress; and
• the weather conditions on the day of concreting, as work operations can be
affected by rain, wind and sunshine.
8.5 PRODUCTIVITY MEASUREMENTS AND ANALYSIS
There are a few ways of obtaining data for productivity computation of buildings
under construction. One method is to station a supervisor on site daily to work out
the daily quantities of: formwork installed (in square metres); reinforcement bars
installed (in tonnes); and concrete poured (in cubic metres).
The supervisor has also to record the daily workforce under the three categories of
formwork, reinforcement and concreting. The number of hours spent daily by the
workers for each of the trades above are also monitored. From the above records,
it is then possible to compute the following on a daily basis:
• Labour productivity (formwork) Area of formwork installed (m2)—
No. of man-hours
Unit of measurement: m2/man-hour
Quantity of rebars installed (tonnes)
• Labour productivity (reinforcement) —
Unit of measurement: tonnes/man-hour
• Labour productivity (concreting)	 —
Unit of measurement: m 3 man-hour
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Quantity of concrete poured(m3)
No. of man-hours
One of the difficulties of the above method is that, in addition to monitoring the
number of workers for each of the above trades and their daily working hours, the
supervisor also has the audious task of calculating the daily quantities of formwork
installed, reinforcement bars installed and concrete poured. In order to obtain
meaningful data, the supervisor has to keep such records for several months in
order to monitor the trends in labour productivity. It has been found that such a
method is not practical on construction sites as contractors are unable to spend time
and manpower to monitor the daily quantities of formwork, reinforcement bars and
concrete used. Further, it is doubtful as to whether the quantities collected would
be at all accurate, especially for reinforcement bar installation, where the supervisor
has to count the actual number, length and diameter of bars used daily.
In order to overcome this difficulty, it is proposed to exclude the task of calculating
the daily quantities used. Instead, the number of workers and the number of
working hours are identified daily for the three structural trades for the construction
of a consecutive number of floors. The only quantities needed are the formwork
area, the reinforcement tonnage and the concrete volume used for each of the floors
under investigation. These quantities are provided by the Quantity Surveyor and
this takes the responsibility off the site supervisor. This will eliminate the task of
obtaining the quantities on a daily basis. At the end of construction of a particular
floor, the total man-hours for each of the three trades are calculated and the labour
productivities are then obtained, using the same equations as mentioned earlier.
This technique is much simpler to adopt in practice and is used in this research
programme.
In order to study variations in labour productivity from floor to floor, it was further
suggested to study identical floors for a few high-rise buildings under construction
in Singapore. The decision to use identical floors is a valid one as it eliminates the
problem of differences in floor layouts and floor areas if non-identical floors are
selected. Different floor layouts would mean different beam lengths and sizes and
other structural configurations and it would make a floor-to-floor comparison of
labour productivity difficult.
In the productivity computation, it is also the task of the supervisor to take note of
the type of formwork used, the floor system adopted by the design engineer and any
other features of the structural frame of the building that would affect labour
productivity. In the reinforcement computation, it is important to note the floor
system used and whether or not reinforcement cages, prestressing tendons and
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welded wire mesh reinforcement are used. As for the concreting works, it is useful
to note the source of the supply, i.e. whether it is site mixed or ready mixed
concrete, the type and number of concrete pumps used and the availability of tower
cranes for lifting of concrete as these items can affect productivity. It is also
important to note if any precast concrete units are used, as then the number of man-
days for the precast works would have to be allocated to the factory. Unless
otherwise stated, the labour productivity in this research programme is for activities
on site only and excludes works executed in the factory.
8.6 EXAMPLES OF PRODUCTIVITY MEASUREMENTS
8.6.1 Public residential project
The productivity computation is illustrated using a public residential project in
Queenstown, Singapore in 1993. Basically, the data were collected for formwork
installation and dismantling, reinforcement installation and concrete placement for
several typical floors of a 12-storey building within the project. This building was
built in insitu reinforced concrete, with a conventional beam-and-slab floor system.
For illustration, the manpower data for the second floor of this building are given in
Table 8.1. For each work day, the number of workers for each of three structural
trades were noted, together with the daily work hours. The daily man-hours spent
were then calculated and the productivity computation for each of the three
structural trades is shown in Tables 8.2, 8.3 and 8.4.
As illustrated in Table 8.2, the total time spent on formwork installation and
dismantling for the second floor was 2,124 man-hours, comprising 1,800 man-hours
for formwork fabrication and installation and 324 man-hours for dismantling of
formwork after the concrete members had achieved sufficient strength. The total
formwork area was 1,320 m2 and the productivity 4.97 m2/man-day. As shown in
Table 8.3, the total time spent on reinforcement fabrication and installation for the
second floor was 896 man-hours for a reinforcement quantity of 24.62 tonnes. The
productivity was 0.22 tonnes/man-day. For concreting of the second floor, the time
taken was 418 man-hours to place a volume of 320 m3 concrete. The productivity
for the concreting works was 6.12 m3/man-day, as shown in Table 8.4.
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Table 8.2: Typical data for formwork installation and dismantling
Floor
No.
Date Duration
(hrs)
No. of
work hours
No. of
workers
No. of
man-hours
2nd 16.2.93 0800-2100 12 12 144
2nd 17.2.93 0800-2100 12 13 156
2nd 18.2.93 0800-2100 12 13 156
2nd 19.2.93 0800-2100 12 13 156
2nd 20.2.93 0800-2100 12 13 156
2nd 21.2.93 0800-1700 8 24 192
2nd 22.2.93 0800-2100 12 13 156
2nd 23.2.93 0800-2100 12 12 144
2nd 24.2.93 0800-2100 12 15 180
2nd 25.2.93 0800-2100 12 15 180
2nd 26.2.93 0800-2100 12 15 180
Sub-total man-hours 1800
Dismantling
2nd 28.2.93 0800-1700 8 12 96
2nd 1.3.93 0800-2100 12 4 48
2nd 3.3.93 0800-2100 12 15 180
Sub-total man-hours 324
Total man-hours 2124
Total formwork area (m2) 1320
Productivity (m2/man-day) 1320 +
(2124/8)
= 4.97
Notes:
• From 0800-2100 hrs, total time duration = 13 hrs. Allowing 1 hr for breaks,
total no. of work hours = 12 hrs.
• 1 man-day is assumed to consist of 8 work hours
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Table 8.3: Typical data for reinforcement fabrication/installation
Floor
No.
Date Duration
(hrs)
No. of
work hours
No. of
workers
No. of
man-hours
2nd 18.2.93 0800-2100 12 10 120
2nd 19.2.93 0800-2100 12 10 120
2nd 20.2.93 0800-2100 12 10 120
2nd 21.2.93 0800-1700 8 7 56
2nd 22.2.93 0800-2100 12 10 120
2nd 23.2.93 0800-2100 12 10 120
2nd 24.2.93 0800-2100 12 10 120
2nd 25.2.93 0800-1900 10 12 120
Total man-hours 896
Total reinforcement quantity (tonnes) 24.62
Productivity (T/man-day) 24.62
(896/8)
= 0.22
Notes:
• From 0800-2100 hrs, total time duration = 13 hrs. Allowing 1 hr for breaks,
total no. of work hours = 12 hrs.
• 1 man-day is assumed to consist of 8 work hours.
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Table 8.4: Typical data for concreting/curing
Floor
No.
Date Duration
(hrs)
No. of
work hours
No. of
workers
No. of
man-hours
2nd 25.2.93 0800-2100 12 14 168
2nd 26.2.93 0800-2100 12 19 228
2nd 27.2.93 0800-2000 11 2 22
Total man-hours 418
Total concrete volume (m3) 320
Productivity (m3/man-day) 320 ÷
(418/8)
= 6.12
Notes:
• From 0800-2100 hrs, total time duration = 13 hrs. Allowing 1 hr for breaks,
total no. of work hours = 12 hrs.
• 1 man-day is assumed to consist of 8 work hours.
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The results for all the 12 floors are shown in Table 8.5. The productivity for the
formwork operations ranged from a low of 4.97 m 2/man-day to a high of 5.23
m2/man-day, with an average value of 5.13 m2/man-day. The productivity for the
reinforcement works ranged from 0.22 T/man-day to 0.25 T/man-day, with an
average value of 0.24 T/man-day. Productivity values ranged from 5.82 m 3/man-
day to 6.35 m3/man-day for the concreting operations, with an average value of
6.12 m3/man-day.
The productivity figures for each of the three trades were consistent with regard to
the 12 floors that were monitored. However, the average productivity figures have
to be compared with other public residential projects in Singapore that are built of
insitu reinforced concrete construction before any conclusions can be reached with
regard the levels of productivity reached for this project.
8.6.2 Commercial project
Another project that was monitored was a 12-storey commercial building of insitu
reinforced concrete construction along Alexandra Road in Singapore. A
productivity study was conducted for the typical floors from the 5th. to the 12th.
levels. The productivity values are tabulated in Table 8.6. The average
productivity value for the formwork operations was 4.17 m2/man-day, which was
about 18 percent below the average value of 5.13 m2/man-day for the public
housing project at Queenstown, Singapore. The average productivity value for the
reinforcement operations was 0.21 T/man-day, which was about 12 percent below
the value of 0.24 T/man-day for the public housing project. The average
productivity value for the concreting works was 4.65 m 3/man-day, which was about
24 percent below the value of 6.12 /man-day for the public housing project. There
are several reasons for the lower productivity values for the commercial building,
one of which is the more complex layout of the commercial building as compared to
the public housing project.
However, it is worth mentioning that although commercial buildings have more
complex architectural layouts, sophisticated internal and external finishes and more
elaborate mechanical and electrical facilities compared to public housing projects, it
is not necessary for the structural works to be more difficult to build for commercial
buildings. Indeed, if flat slab designs can be adopted and the latest proprietary type
formwork are used for commercial buildings, the productivity of the structural
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Table 8.6: Summary of productivity figures for commercial building at
Alexandra Road, Singapore
Floor
No
Formwork
1620m2
Reinforcement
30.86 tonnes
Concreting
400m3
Manhrs m2/man-day Manhrs Ton/man-day Manhrs m3/man-day
5th 3129 4.14 1176 0.21 638 5.02
6th 3092 4.19 1102 0.22 668 4.79
7th 3138 4.13 1135 0.22 742 4.31
8th 3133 4.14 1122 0.22 725 4.41
9th 3109 4.17 1158 0.21 690 4.64
10th 3036 4.27 1248 0.20 666 4.81
11th 3066 4.23 1174 0.21 666 4.81
12th 3146 4.12 1153 0.21 720 4.44
Ave. 3117 4.17 1159 0.21 689 4.65
works can be as high as that of the simpler public housing projects. The
introduction of high-technology features into a reinforced concrete building should
not lower the productivity levels of the structural works.
8.7 TECHNICAL FACTORS DIRECTLY AFFECTING
PRODUCTIVITY OF STRUCTURAL WORKS
From the research work reported in this chapter, it is possible to summarise the
technical factors affecting productivity of structural works. These factors are
shown in Tables 8.7, 8.8 and 8.9.
Overall, public housing projects give higher productivity values for formwork,
reinforcement and concreting operations, compared to commercial and private
residential projects. The simplicity in design of public housing projects give rise to
higher productivity figures. In studying the productivity of structural trades,
researchers must take into consideration the structural works that are executed in
the factory and those done on site. What is being measured is the site labour
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Table 8.7: Technical factors affecting formwork productivity
Factor Remarks
1. Floor layout: conventional
beam-and-slab system or flat
slab system.
Formwork for flat slabs are easier to install
than beam-and-slab system.
2. Type of cranage used Use of suitable cranes enables larger
formwork panels to be lifted.
3. Types of formwork system
used,
Proprietary formwork enhances
productivity as it is faster to install and
dismantle.
4. Type of support scaffolding
used,
Proprietary metal type support scaffolds
are easier to install and dismantle.
They are also more durable than timber
props.
Table 8.8: Technical factors affecting reinforcement productivity
Factor Remarks
1. Type of reinforcement used:
prestressed tendons, tied
reinforcement bars, welded mesh
reinforcement
Prestressed tendons and welded mesh
reinforcement are easier to install than
tied reinforcement bars.
2. Quantity, shapes and sizes of
reinforcement bars
Congested reinforcement as well as
use of different bar sizes and shapes
slow down installation.
3. Arrangement of reinforcement Complicated layout of reinforcement
bars lowers site productivity.
4. Use of prefabricated reinforce-
ment (i.e. caged bars, tied in
factory).
Faster to erect on site as much work
already done in factory.
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Table 8.9 : Technical factors affecting concreting productivity
Factor Remarks
1. Supply of concrete Continuity of concrete supply enhances
productivity. Delays in supply of
concrete should be minimised.
2. Workability of concrete A high workability enhances pumping
of concrete, makes concrete placing
and vibrating easier.
3. Shape and size of structural
member
Deep, narrow structural members
make concreting difficult.
4. Reinforcement quantity Congested reinforcement causes
difficulty in compacting concrete.
5. Machinery for vertical
transportation
Use of concrete pumps and tower
cranes enhances productivity.
productivity, for example, reinforcement installation, which would constitute rebar
cutting, bending, laying and tying. If a building has all its reinforcement bars
delivered to the site for cutting, bending and installation, then its labour productivity
would be lower than for another identical building in which the bars have been cut
and bent in the factory. In the latter case, these bars are merely transported to the
site, ready for installation. Therefore the site labour productivity per tonne of
reinforcement installed would be higher than the project where the bars had to but
and bent on site. Therefore, in order to make an accurate comparison between
these two identical building projects, it would be necessary to study the labour
productivity at the factory where the bars were cut and bent.
In a similar way, care has to be executed when measuring formwork productivity
for two identical blocks of buildings, one in which proprietary formwork is used and
another in which traditional timber formwork is used, where initial cutting and
fabrication of the formwork has to be done on site before final installation. In such
cases it is the project management that decides on the type of formwork to be used
and hence management has a great influence on the site productivity. As for the
type of floor system adopted, i.e. flat slab design or the conventional beam-and-slab
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system, the designers have an influence on site productivity in both formwork and
reinforcement installation.
In concreting operations, the use of pumps or the crane-and-bucket system will
have an influence on productivity. Generally, the use of correct size concrete
pumps will be more productive as the time for concreting operations will be
reduced as compared to the use of the crane-and-bucket system.
8.8 SUMMARY
The research reported in this chapter shows that productivity of structural works
can be reliably measured for every floor of a building under construction. This is
done by recording separately the manpower used for formwork erection,
reinforcement installation and concreting for each floor under investigation. The
quantities of formwork, reinforcement and concreting are then divided by the
manpower for the respective structural trades in order to compute the productivity
values. Such computations enable contractors to:
• monitor the site performance of structural works, and
• study the fluctuations in productivity performance of structural trades as the
building works progress.
This section of the research programme fulfils one of the three main objectives
stated in Chapter One of this thesis, namely, it establishes a system of measuring the
productivity of formwork, reinforcement and concreting operations of on-going
building projects.
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CHAPTER 9
PRODUCTIVITY MEASUREMENT:
A CASE STUDY
9.1 INTRODUCTION
In order to complete the productivity research, it is prudent to consider in detail one
of the projects discussed in Chapter 7. This case study will link the productivity
measurement concepts discussed in Chapters 7 and 8 and will complete all the data
collection and analysis for this research programme. It will also enable other
researchers to have an overall view of how productivity data should be collected for
a completed building project, with respect to its contract period, building schedule
and other project details.
This case study project is a multi-storey public residential development (project B1
discussed in Chapter 7). The $42 million contract is for the construction of seven
residential buildings with a total of 467 dwelling units, and a five-storey car-park. It
is a 35-month contract, from February 1993 to January 1996.
All the buildings for the project are built of cast-in-situ reinforced concrete frame
structure. The walls surrounding the lift shafts are in reinforced concrete while the
external walls are of bricks with mortar plaster. Some precast concrete panels are
used but their quantity is small. The traditional timber formwork is generally used,
together with metal scaffolding and props. This type of construction is considered
traditional for multi-storey buildings in Singapore, although proprietary metal
formwork systems are become popular. The details of the project are given in
Table 9.1.
A typical progress chart is shown in Figure 9.1, in this case for building G, which
has a 22-month contract period.
The following computations are discussed for this case study:
(i)	 productivity computation of overall completed floor using the productivity
equation (eqn 7.4);
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Table 9.1: Details of case study project
Building No. No. of
storeys
Total no. of
dwelling units
Contract period
(months)
A 13 52 20
B 13 52 20
C 13 60 191/2
D 11 50 181/2
E 13 98 25
F 16 75 23
G 11 80 22
H (carpark)* 5 — 20
Total 467
* Building H can accommodate 315 carpark lots and 46 motor-cycle lots
(ii) productivity computation of structural floor using eqn 7.1; and
(iii) productivity computation of individual structural trades, as discussed in
Chapter 8.
9.2 PRODUCTIVITY COMPUTATION OF OVERALL COMPLETED
FLOOR
In computing the monthly productivity based on overall completed floors, equation
7.4 is used:
Productivity (overall) =
Monthly progress payment certified 	 Gross floor area
x
Total contract sum	 Monthly manpower
... (9.1)
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The monthly data required to compute the productivity figures are given in the
quarterly survey returns, and a sample is shown in Table 9.2. The computed
productivity figures are based on the whole project and not for individual buildings
under construction. The productivity values computed from February 1993 to
March 1994 are given in Table 9.3. The productivity figures are satisfactory except
for the first month when the values were higher due to payments certified for site
mobilisation.
9.3 PRODUCTIVITY COMPUTATION OF COMPLETED
STRUCTURAL FLOOR
In addition to the above computation, researchers can study the productivity of
completed structural floors by using equation 7.1:
Productivity (Structural) =
Monthly floor area completed (structural)
Monthly manpower (structural)
... (9.2)
The monthly structural floor area completed is the sum of the floor areas completed
for all the seven residential buildings and the five-storey car park. The values for
each month are calculated by using the concreting dates recorded for every floor of
all the buildings under construction. The monthly manpower data are for the
structural works only and are taken off the contractor's quarterly returns, shown
earlier in Table 9.2.
The following is an illustration of the computation of completed structural floor
areas for Building G. The dates of concreting of all the floors for this building are
shown in Table 9.4, together with the construction period per floor and monthly
structural floor areas completed.
Based on the monthly structural floor areas completed and the structural manpower
used, the productivity figures are computed and summarised in Table 9.5. The
productivity figures over the six month period vary from a low of 2.57 m 2/m-d to a
high of 4.13 m2/m-d.
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Table 9.2: Site manpower survey quarterly return form
Trade MANPOWER USED (MAN-DAYS)
April 1993 May 1993 June 1993
1.	 Site Management Team 250 256 254
2.	 Structural works
Carpenter 1189 1168 1141
Bar bender and fixer 1162 1173 1185
Concretor 338 356 352
Precast erector 45
Structural steel erector
Structural steel fabricator
Ditto local off-site workers
Others 154 154 310
Sub-Total 2843 2851 3033
3.	 Architectural works
Bricklayer
Scaffolder 16 74
Plasterer
Tiler/paver
Cladding fixer
Partition erector
Painter
Others
Sub-Total 16 74
4.	 Building Services works
Plumber 46 134 142
Electrician 14 19 16
Air-con
Lift & Escalator
Others
Sub-Total 60 153 158
5.	 General
Plants Operator/driver 213 215 218
General worker 786 863 1101
Sub-Total 999 1078 1319
6	 External Site Works
Structural Architectural trades
Landscaping works
Sub-Total
7.	 Total Manpower Used 4,152 4,354 4,838
8.	 Progress Payment Claim ($) 457,155 728,956 659,225
9.	 Progress Payment Certified ($) 442,000 701,000 630,000
10.	 Cumulative Progress Payment
Certified
	 ($)
1,427,000 2,128,000 2,758,000
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$ 42 Floor 85,000million area:Contract m2
Monitoring Period:
	
14 mths	 Contract Period:	 35 months (from February 1993)
Productivity mean: 0.71	 m2/m-d	 Maximum: 1.90	 m2/m-d
Standard Deviation: 0.44	 m2/m-d	 Minimum: 0.22	 m2/m-d
Table 9.3: Productivity data for overall completed floor
AM/6/5
( 1 ) (2) (3) (4) (5) (6)
Month
and Year
Total
monthly
manpower
(man-day)
Monthly
progress
cairn
($) 1
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2(m-df Oased
aa parneat
certified
i
Feb '93 620 639,000 584,000 584,000 1.90
Mar '93 1,280 414,000 401,000 985,000 0.63
Apr '93 4,152 457,155 '	 442,000 1,427,000 0.22
May '93 4,354 728,956 701,000 2,128,000 0.33
Jun '93 4,838 659,225 630,000 2,758,000 0.26
Jul '93 4,491 1,659,220 1,257,000 4,015,000 0.57
Aug '93 4,567 2,297,084 1,741,000 5,756,000 ,	 0.77
Sep '93 4,864 1,806,991 1,748,000 7,504,000 0.72
Oct '93 5,667 2,185,003 2,083,000 9,587,000 0.74
Nov '93 5,735 2,354,694 2,264,000 11,851,000 0.80
Dec '93 6,111 2,915,309 2,781,000 14,632,000 0.92
Jan '94 5,987 3,093,191 2,894,000 17,526,000 0.98
Feb '94 4,478 1,364,600 856,000 18,382,000 0.39
Mar '94 5,756 2,669,556 2,150,000 20,532,000 0.76
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Table 9.4: Computation of monthly completed structural floor areas
Building G Construction period
per floor (days) Monthly completed structural floor area`
Floor Concreting Total Monthly (m2)
No. Dates breakdown
Roof 18.5.94 Jan '94: 9th fir: 	 7/22 x 1154	 =	 367	 m2
11th 26.2.94 26 Feb: 26 10th fir: 24/24 x 1154 =	 1154
	 m2
10th 31.1.94 24 Jan: 24 1521	 m2
9th 7.1.94 22 Jan: 7 Dec '93: 8th fir: 	 16/19 x 1154 =	 972	 m2
Dec: 15 9th fir:	 15/22 x 1154 =	 787	 m2
8th 16.12.93 19 Dec: 16 1759	 m2
Nov: 3 Nov '93: 6th flr	 3/15 x 1154	 =	 231	 m2
7th 27.11.93 24 Nov: 24 7th flr	 24/24 x 1154 =	 1154	 m2
6th 3.11.93 15 Nov: 3 8th fir:	 3/19 x 1154	 =	 182	 m2
Oct: 12 1567	 m2
5th 19.10.93 20 Oct: 19 Oct '93: 5th fir: 	 19/20 x 1154 =	 1096	 m2
Sep: 1 6th flr:	 12/15 x 1154 =	 923	 m2
4th 29.9.93 15 Sep: 15 2019	 m2
3rd 14.9.93 20 Sep: 14 Sep '93: 3rd fir:	 14/20x 1154 =	 808	 m2
Aug: 6 4th fir:	 15/15x 1154 =	 1154	 m2
2nd 25.8.93 60 Aug: 25 5h flr:	 1/20x 1154	 =	 58	 m2
Jul: 31 2020	 m2
Jun: 4 Aug '93: 2nd flr:	 25/60x 1154 =	 481	 m2
3rd fir	 6/20 x 1154	 =	 346	 m2
1st 26.6.93 64 827	 m2
Jul '93: 2nd flr: 	 31/60 x 1154 =	 596	 m2
* : Gross area per floor for Building G = 1154 m2
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Table 9.5: Productivity data for completed structural floors
Building Area completed (m2)
Jul '93 Aug '93 Sep '93 Oct '93 Nov '93 Dec '93
A 1,396 1,565 1,661 1,806 928 721
B 1,263 1,586 1,645 1,610 1,366 1,172
C 1,072 1,476 1,723 1,570 1,410 1,293
D 1,170 1,575 1,864 1,675 1,678 1,148
E 1,023 574 556 1,482 1,818 1,842
F 984 782 1,377 1,801 1,412 1,340
G 596 827 2,020 2,019 1,567 1,759
Carpark - - 363 375 775 1,815
Total 7,504 8,385 11,209 12,338 10,954 11,090
*Man-days 2,922 2,947 2,922 2,989 2,857 2,928
Productivity
(m2/m-d)
2.57 2.85 3.84 4.13 3.83 3.79
* Man-days are for structural works only, comprising:
(i) carpentry;
(ii) bar bending and fixing; and
(iii)concreting;
with monthly figures from Tables 9.6 to 9.8.
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9.4 PRODUCTIVITY COMPUTATION OF INDIVIDUAL
STRUCTURAL TRADES
The labour productivity of individual structural trades, as discussed in Chapter 8,
have also been computed for this case study residential project. The figures for:
• formwork fabrication and installation;
• reinforcement fabrication and assembly; and
• concreting;
are given in Tables 9.6 to 9.9 over a 15-month period from March 1993 to May
1994.
Table 9.6: Labour productivity of formwork assembly
Month &
Year
Monthly formwork
Fabrication (m2)
Monthly man-day
(carpenters)
Productivity
(m2/m-d)
Mar '93 1200 477 2.52
Apr '93 5380 1189 4.52
May '93 6414 1168 5.49
Jun '93 7831 1141 6.86
Jul '93 11622 1262 9.21
Aug '93 17118 1271 13.47
Sep '93 19800 1253 15.80
Oct '93 23040 1291 17.85
Nov '93 23400 1219 19.20
Dec '93 20746 1219 17.02
Jan '94 23763 1150 20.66
Feb '94 13323 839 15.88
Mar '94 6840 807 8.48
Apr '94 7245 1194 6.07
May '94 13317 914 14.57
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Table 9.7: Labour productivity of reinforcement fabrication and assembly
Month & Year Monthly rebar
Fabrication (tons)
Monthly man-day
(bar benders and fixers)
Productivity
(tons/m-d)
Mar 93 68.40 504 0.14
Apr 93 223.00 1162 0.19
May 93 240.00 1173 0.20
Jun '93 122.50 1185 0.10
Jul '93 168.70 1258 0.13
Aug '93 202.20 1286 0.16
Sep '93 184.00 1255 0.15
Oct '93 214.20 1289 0.17
Nov '93 217.50 1224 43.1E
Dec '93 261.30 1199 0.22
Jan '94 292.40 1128 0.26
Feb '94 145.70 894 0.16
Mar 94 113.20 753 0.15
Apr '94 80.20 1145 0.07
May '94 130.70 941 0.14
Table 9.8: Labour productivity of concreting
Month & Year Monthly concrete
volume (m3 )
Monthly man-day (concretors)
concreting & cleaning
Productivity
(m3/m-d)
Mar '93 650 186 3.49
Apr '93 2368 338 7.00
May '93 2028 356 5.70
Jun '93 1978 352 5.62
Jul '93 2897 402 7.21
Aug '93 2797 390 7.17
Sep '93 3757 414 9.07
Oct '93 3542 409 8.66
Nov '93 3721 414 8.99
Dec '93 3502 510 6.87
Jan '94 2840 403 7.05
Feb '94 1834 365 5.02
Mar '94 1777 522 3.40
Apr '94 1234 522 2.36
May '94 1864 458 4.07
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9.5 DISCUSSION
This chapter reviewed three productivity measurement methods (see Figure 9.2) in
building construction, namely:
• for overall completed floors;
• for completed structural floors; and
• for individual structural trades, namely formwork, reinforcement and concreting
works.
Method (i) was discussed in detail in Chapter 7 and is the method adopted by the
Construction Industry Development Board (ODB, 1992b) and is being used by the
Board to monitor productivity of the construction sector under various categories
of buildings. Method (ii) measures productivity for completed structural floors and
the monthly productivity is total structural floor area completed divided by the
monthly manpower. Method (i) monitors productivity throughout a building
contract, but method (ii) only monitors productivity up till the completion of the
structural works, i.e. until the completion of concreting works for the building
superstructure. The productivity values obtained from methods (i) and (ii) are not
compatible as they measure different items, the first measuring overall floor
completion (including architectural and building services), whilst the second deals
with only the structural floor.
Method (iii) has been dealt with in Chapter 8 and it involves measurement of
productivity of formwork, reinforcement and concreting operations. In Chapter 8,
the productivity figures were computed on a floor-to-floor basis, but in this case
study, the figures are computed on a monthly basis to enable a comparison with
figures obtained by methods (i) and (ii).
For the purpose of comparison, Table 9.9 is enclosed to highlight the productivity
values obtained using all the above three methods. The values are extracted from
Tables 9.3, 9.5, 9.6, 9.7 and 9.8.
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CONSTRUCTION
PRODUCTIVITY
MEASUREMENTS
(A)
Productivity of
overall completed
floors
(B)
Productivity of
completed structural
floors
(c)
Productivity of
individual structural
trades
(A)	 Details given in Chapter 7
(C)	 Details given in Chapter 8
Figure 9.2: Types of productivity measurements for case study project
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The productivity values for completed structural floors are higher than the values
for overall completed floors. This is as expected since it takes more man-power to
complete a unit area of completed floor than a unit area of structural floor. For
example, in July 1993, the productivity for overall completed floor is 0.57 m 2/man-
day. This works out to be 1.75 man-days to fully complete one square metre of
floor (i.e. all items of work are included). However, for the same month, the
productivity for structural works is 2.57 m2/man-day. This works out to be 0.4
man-day to finish one square metre of structural floor (i.e. excluding architectural
and building services). It therefore takes about four times longer to complete the
overall floor, which includes laying the floor and wall tiles, bricklaying, and
installation of water, gas and waste pipes, and electrical conduits and telephone
trunking for the residential units. If the building is for commercial use, the
additional works would include laying of air-conditioning ducts and fire-sprinlders,
plus hose-reels and piping for fire-fighting purposes.
For the individual structural trades, productivity values increase with experience on
the project, as can be seen from the formwork productivity values. The formwork
productivity figure was 2.52 m 2/m-d in March 1993, and the monthly figures
gradually increased to peak at 20.7 m2/m-d in January 1994, before reducing in
February and March 1994. The reinforcement productivity figure also peaked in
January 1994, before reducing in February and March 1994. This reduction in
productivity was due to the gradual completion of the structural works. However,
productivity figures need not decrease if the contractor had reduced the manpower
in anticipation of the decrease in the quantity of formwork and reinforcement to be
installed, i.e. if manpower and formwork reinforcement quantities decrease
together, then the productivity figure of the earlier months can still be maintained.
However in reality, it is not so easy to reduce the manpower too swiftly unless the
contractor makes the excess workers redundant or transfers them to another
project.
9.6 SUMMARY
The overall productivity of building projects under construction are computed using
the method discussed in Chapter 7 of this thesis, while the productivity of individual
structural trades are based on the method described in Chapter 8. This chapter
reinforces the methods used in the above two chapters as it explains productivity
computation for a case study, which comprises a high-rise building within a
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residential development. This case study goes one step further by computing
productivity values of structural floors, i.e. the area of structural floor completed
per man-day. Such computations only concern the completion of the structural
floors and unlike the method used in Chapter 7, do not consider the architectural,
mechanical and electrical installations.
The results obtained in this chapter compliment the research reported in Chapter 7
and 8 of this thesis and together they meet two of the three main objectives of this
research, namely:
• formulating a mechanism for measuring the overall construction productivity of
building projects, and
• establishing a system of measuring the productivity of formwork, reinforcement
and concreting operations.
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CHAPTER 10
CONCLUSIONS, RECOMMENDATIONS AND
FURTHER RESEARCH
10.1 INTRODUCTION
The construction industry in Singapore has long been aware of the low levels of
construction productivity. The main aims of the research were to identify the
factors that have caused low productivity and seeks ways to assist contractors
improve their productivity performance. In the process of achieving the above
objectives, the research focused on:
• reviewing current construction productivity issues that have affected the
Singapore construction industry;
• conducting a survey of top civil engineering and building contractors in order to
enable a thorough appreciation of their perceptions on issues pertaining to the
construction industry; and
• establishing procedures to enable productivity levels of on-going building
projects to be measured.
10.2 CONCLUSIONS
10.2.1 Productivity issues
The results of the productivity survey indicated that of the ten groups of items
surveyed, the following were identified as being the most important in improving
construction productivity:
• guidance from consultants;
• collaboration between contractors and sub-contractors/suppliers;
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• collaboration between contractor's head office/site office; and
• attributes of managers and supervisors.
The survey was conducted three years ago and the respondents at that time did not
place importance on the use of prefabrication in improving productivity. However,
with emphasis by the Construction Industry Development Board on buildability,
quality and productivity, it is very likely that the use of prefabrication has recently
been given more importance by contractors.
From the results of the construction productivity survey and the findings of the
CIDB Construction Productivity Taskforce report, it is possible to identify several
manpower issues that have impeded construction productivity, namely:
• a shortage of suitably trained, skilled supervisors and workers in the
construction industry;
• a weakening local construction workforce, with job seekers keeping away from
the construction sector; and
• a large, mostly unskilled and transient pool of foreign workers.
Construction trades are increasingly unattractive to Singaporeans for various
reasons such as the severe and more hazardous working environment, the presence
of too many foreign workers and the general lack of recognition. Contractors have
to meet stiff competition for manpower from other more aggressive and attractive
sectors. The difficulty in recruitment may be due to outdated strategies used by
employers. For example, very few contractors recruit engineering trainees before
they graduate from the universities and polytechnics, as is practised by large
corporations in other sectors of industry. The answer to the manpower problems
encountered by the construction industry in Singapore lies in better trained and
skilled manpower, more attractive employment incentives, improved management
techniques and increased use of plant and equipment.
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10.2.2 Productivity measurement
The issues raised by the survey on construction productivity is only qualitative in
nature and a complete understanding of productivity must therefore include some
quantitative analysis. The availability of data from various on-going projects in
Singapore enabled an in-depth investigation of productivity measurements to fulfil
the quantitative aspects of productivity. Hence, the major part of this research
programme involved the development of techniques for measuring construction
productivity of on-going building projects in Singapore. It was found that overall
construction productivity can be reliably measured by using the prescribed
productivity equation given in Chapter 7 of this thesis. Although the accuracy of
the results given by the above equation is subjected to:
• the monthly progress payments being truly representative of the actual work
done; and
• the correct manpower figures being reported by the contractors,
the productivity equation is nevertheless a useful one to adopt for measuring site
productivity. This research concludes that monthly productivity of individual
projects can vary considerably and values are:
(i) generally low during the start of projects due to the learning curve effect;
and
(ii) generally high during the months when there is an increase in architectural
works, especially so for buildings with expensive architectural finishes.
Item (ii) is endorsed by the fact that when there is an increase in the architectural
workforce, the productivity figure rises due to the increase in progress payments
arising from the higher payments received from increased architectural works. This
is the case with commercial and private residential projects as they have more
elaborate architectural finishes compared to public residential projects.
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The research also concludes that collectively, the productivity values of public
residential projects are higher than those of private residential projects and
commercial projects. The reason for the above phenomenon is that public
residential projects are more buildable, since their designs are basic and simple,
compared to the intricate designs of the other two categories of buildings.
However, the users of the productivity equation must be cautioned against
calculating productivity values of projects for only a few month's duration of the
construction works. The productivity values have to be monitored over as long a
period of construction as possible and certainly not less than say fifty percent of the
total construction period. If a building takes two years to complete, it is
recommended to monitor the productivity values for at least twelve months to study
the behavioural pattern of the productivity figures, manpower usage and progress
payments. It is unwise to take readings for a mere three months and then make
conclusions as to the productivity pattern.
As productivity analysis described in Chapter 7 only involved overall productivity
values, it would not portray the productivity performance of individual trades. It
would thus be useful to explore methods of measuring various building trades.
Although, it is not possible to measure all the trades within the time frame of this
doctoral programme, techniques for measuring the productivity of the three main
structural trades, namely formwork, reinforcement and concreting operations, have
been developed in Chapter 8. Labour productivity for each of the above trades can
be measured on a floor-to-floor basis, though researchers have to be careful when
interpreting the results, as some projects have much of their formwork and
reinforcement already fabricated in the factory before being transported to site for
installation. Unless the manpower utilised in the factory is accounted for, the labour
productivity calculated will be inflated as less manpower will be used on site.
Researchers have to be careful when computing productivity values and state
whether or not the manpower for factory operations are included in the calculations.
230
10.3 RECOMMENDATIONS
10.3.1 Overall productivity strategies
With the conclusion of this research programme, it is now possible to make
recommendation to the construction industry with the aim of raising productivity.
The construction industry in Singapore has to adopt the following long-term
policies in order to raise construction productivity:
• recruit and train a new generation of skilled local workers;
• continuously upgrade the management and technical skills of supervisory staff;
• study the long-term scope and viability of automation and semi-automation of
the construction process;
• develop and promote buildable designs; and
• start a large scale standardisation drive to apply prefabrication to replace labour-
intensive operations.
Skilled Workforce
The construction industry needs a core of skilled workers that will comprise largely
locals and assimilated foreign workers. It is necessary to attract and train a new
generation of skilled workers and trades foremen by offering apprenticeship
training, as well as providing better status and employment conditions.
Management Upgrading
The industry must continuously upgrade the management and technical competence
of its professional and technical personnel. Good construction management
contributes favourably towards the achievement of high productivity and work
quality.
Construction Automation
The long term objective is to implement more automated processes as and when the
technology is available and affordable. With the gradual growth of the Singapore
construction industry and as more design-and-build contracts are expected to be
awarded in the future, the scope for automation is likely to increase. It is
recommended that the industry embark upon a detailed assessment of the long term
feasibility of automation.
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Buildable Designs
Designers should be aware of and give attention to buildable designs so as to enable
more efficient construction using fewer workers. Designers should appreciate the
potential for cost and time savings of buildable designs. The promotion of more
design-and-build projects will enable the integration of the design and construction
phases, resulting in higher productivity as construction considerations are met at the
design stage.
Prefabrication
The promotion of buildability will generally increase the use of prefabrication. The
construction industry has the potential for wider application of prefabrication,
especially the use of precast components to replace insitu construction. The
industry must discuss standardised dimensions and details, together with the need
for repetitive production. In this respect, components should be standardised for
prefabrication to be economically used not only for the bigger projects, but also for
the smaller developments.
10.3.2 Site productivity monitoring
Contractors can monitor site productivity of individual projects by using various
methods discussed in earlier chapters of this thesis. They can measure overall site
productivity in terms of area of built-up construction per man-day. This method is
currently adopted by the Construction Industry Development Board to monitor
construction productivity of commercial, residential, industrial and institutional
buildings. Contractors can also monitor the productivity of structural works of on-
going building projects by adopting techniques described in Chapters 8 and 9.
The productivity values from one project can be compared with those from other
projects within the same building category as well as from other building categories.
Such comparisons are useful when managers brainstorm to identify ways of
improving construction productivity.
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10.4 FURTHER RESEARCH
10.4.1 Productivity measurements
This research concentrates on the measurement of productivity in building
construction. Although the author has done extensive research on the productivity
of overall completed floors of commercial and residential buildings, no data has
been collected on industrial and institutional buildings. Therefore future research
can concentrate on these other two types of buildings which have also been
identified by the Construction Industry Development Board in its building
productivity surveys.
Another area of research is to embark on other detailed case studies, for example,
commercial buildings and private residential buildings, to complement the case
study of the public residential project discussed in Chapter 9. It is also worttuNhae
to further develop the technique used in Chapter 9 to measure the productivity of
completed structural floors. Here, the dates of concreting the various floors of
buildings were used to compute productivity figures for structural floors. As the
computation was executed on just one case study project described in Chapter 9, it
is necessary for more research to be done on other projects to test if this technique
is acceptable.
Finally, the research described in Chapter 8 to establish the productivity of
individual structural trades, can also be extended to measure the productivity of
other building operations, such as the laying of bricks, installation of air-
conditioning ducts, and installation of electrical conduits, water supply pipes,
sanitary pipes and other services. Modern buildings encompass a host of
architectural works and building services; hence research on productivity
measurement techniques are never complete until researchers study the productivity
of installing all the major components within the building.
Another area of research is to identify precisely the factors that affect variations in
productivity within individual projects. This will definitely compliment the research
reported in Chapters 7, 8 and 9 as it will provide an additional dimension in relating
productivity values to existing situations on site. The factors that should be
investigated include the types of plant and equipment used on site, records of plant
and equipment breakdown, delays in supply of materials, inclement weather,
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shortage of manpower, amendments to drawings issued by the consultants, work
rejected and re-done to comply with drawings/specifications, as well as other items
that would affect construction productivity of projects under study.
10.4.2 Productivity surveys
The productivity survey conducted in late 1992 was successful in that 67
companies responded to the survey, giving a response rate of 51 per cent. Another
identical survey is recommended after about four to five years of the first survey.
The results of this second survey would show if there has been any change in the
perceptions of top civil engineering and building contractors in Singapore with
regard to construction productivity issues. It is worthwhile for researchers to study
the changes in trends on construction productivity before making recommendations
to the industry on new policies to be implemented.
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Table Al : Residential Project No. Al - Productivity data for overall completed floor
Residential Project Ref: 	 SM	 Contract Sum: $	 173 mil.	 Floor area:	 151,291	 m2
Monitoring Period:	 15 mths
	 Contract Period:
	
55 months (from August 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
(5)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
III 8,488,000
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Productivity mean:
Standard Deviation:
m2/m-d
	
Maximum:
m2/m-d	 Minimum:
0.42	 m2/m-d
0.14	 m2/m-d
0.23
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Table A2: Residential Project No. A2 . Productivity data for overall completed floor
Residential Project Ref: 
	
GW 	 Contract Sum: $  52.71 mil. 	 Floor area: 60,000 m2
Monitoring Period:	 12 mths	 Contract Period:	 27 months (from July 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified'
._
Jan.'93 2,972 II 550,120 4,457,926 0.21
Feb.'93 3,778 I. 775,765 5,233,691 0.23
Mar.'93 4,246 742,350 5,976,041 0.20
Apr.'93 5,981 I 997,378 6,973,419 0.19
May'93 6,584 I	 I 989,908 7,963,327 0.17
Ju n'93 7,444 1,426,996 9,390,323 0.22
Jul.'93 9,316 1,385,835 10,776,158 0.17
Aug.'93 8,811 1,419,533 12,195,691 0.18
Sep.'93 10,037 • 1,257,676 13,453,367 0.14
Oct.'93 7,334 2,681,631 16,134,998 0.42
Nov.'93 7,619 I	 s 2,142,945 18,277,943 0.32.
Dec.'93 8,060 a 2,120,682 20,398,625 0.30
Jan '94 14,439 II 1,908,725 22,307,345 0.15
Feb '94 11,602 2,286,277 24,593,622 0.22
Mar '94 ,	 14,864 5	 I 1,627,789 26,221,411 0.12
dlecres2(productvyjam:gwc.doc
32.5
.
z I
-•
0 Jan '93 Feb '93 Mar '93 Apr '93 May '93 Jun 13
. Productivity
Jul '93 Aug 13 Sep 13 Oct 13 Nov13 Dec13
„Monthly payment certified
03
1.1
1
0.9
.------#/
0.3
0.2
0.1 Jan 13
_._ Productivity 
	 Monthly manpower
Feb '93 Jun 13 Sep 13Jul '93 Aug 13Mar '93 Apr 13 May '93 Oct 13 Dec '93Nov13
GW
Fig. A7: Residential Project No. A2:
Productivity and monthly payments certified
GW
Fig. A8 Residential Project No. A2:
Productivity and monthly manpower
7,Zr-----*
A-----.--*
4r----
0
Jan '93 Feb '93 Mar "93 Apr '93 May '93 Jun "93 Jul '93 Aug 13 Sep '93 Oct '93 Nov *93 Dec '93
GW
A
4. 	.____.	 • •
0
Jan '93 Feb '93 Mar '93 Apr 13 May '93 Jun '93 Jul '93 Aug '93 Sep '93 Oct '93 Nov*93 Doe 13
_,. Monthly payment certified	 A  Monthly claim
Fig. A9 Residential Project No. A2:
Monthly payment certified and monthly claims
GW
, Monthly payment certified _A_ Monthly manpower
Fig. A10: Residential Project No. A2:
Monthly payment certified and monthly manpower
00
S
0
0
0
y-0.49x+0.19
r-0.94
3
0.5
et
3
—
—
—
E 2.5
93
M
s...../
'a
tl)
•	 2
...
4..,
I.
0)U
44
0.)	 1.5
0
El 23
0 0 0
3
00
0.5
4x+0.25y-1.6
r-0.57
GW
2
Monthly claim (S $ million)
Fig. All: Residential Project No. A2: .
Correlation between payments certified and claims
GW
01	 03	 0.4	 OS	 0A08	 09
Monthly manpower (10,000 x man—day)
Fig. Al2: Residential Project No. A2:
Correlation between payments certified and manpower
0 5
11
Productivity mean:
Standard Deviation:
m2/m-d	 Maximum:
m2/m-d	 Minimum:
0.22	 m2/m-d
0.08	 m2/m-d
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0.05
Table A3: Residential Project No. A3 . Productivity data for overall completed floor
Residential Project Ref: 
	 RM 	 Contract Sum: S 11 million 	 Floor area: 8,354	 m2
Monitoring Period: 
	 12 mths 	 Contract Period:	 20 months (from August 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Jan '93 985 295,730 259,610 744,530 0.20
Feb '93 1,829 251,715 209,090 953,620 0.09
Mar '93 1,315 186,760 149,700 1,103,320 0.09
Apr '93 1,296 197,750 181,535 1,284,855 0.11
May '93 1,008 438,214 101,230 1,386,085 0.08
Jun '93 1,152 235,819 120,430 1,506,515 0.08
Jul '93 1,553 239,859 192,867 1,699,382 0.09
Aug '93 2,286 335,510 234,013 1,933,395 0.08
Sep '93 1,946 564,424 554,639 2,488,034 0.22
Oct '93 2,258 463,387 356,063 2,844,097 0.12
Nov 193 2,469 930,417 452,228 3,296,325 0.14.
Dec '93 2,930 1,542,684 806,163 4,102,488 0.21
I
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Productivity mean:
Standard Deviation:
m2/m-d	 Maximum:
m2/m-d	 Minimum:
	
0.19 	 m2/m-d
	
0.05	 m2/m-d
0.11
0.04
Table A4: Residential Project No. A4- Productivity data for overall completed floor
Residential Project Ref: 	 RP	 Contract Sum: $ 19 million 	 Floor area:	 14,370	 m2
Monitoring Period: 	 12 mths 	 Contract Period: 	 18 months (from September 1992) 
(1) (2) (3) (4) (5) (6)
'Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based on
payment certified
_
Jan '93 1,235 244,200 82,700 I	 ii 0.05
Feb '93 2,009 369,254 249,100 (1.49
Mar '93 1,589 292,893 213,000 0.10
Apr '93 3,330 478,894 366,200 SIl 0.08
May '93 3,898 599,538	 , 498,100 0.10
Jun '93 4,210 549,727 506,600
,
0.09
Jul '93 3,420 568,594 479,300 0.11
Aug '93 3,460 611,767 458,300 II 0.10
Sep '93 3,995 612,805 415,500 11 0.08
Oct '93 3,057 811,400 620,300 I	 II 0.15
Nov 193 3,037 955,343 769,800 I	 155 0.19
Dec '93 3,027 964,715 749,800 0.19
1
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Productivity mean:
Standard Deviation:
m2/m-d	 Maximum:
m2/m-d	 Minimum:
	
1.90 	 m2/m-d
	
0.22	 m2/m-d
0.71
0.44
Table A5: Residential Project No. 81 - Productivity data for overall completed floor
Residential Project Ref:
Monitoring Period:
AM/6/5	 Contract Sum: $ 42 million Floor area: 85,000 m2
11 mths	 Contract Period: 	 35 months (from February 1993)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
_
Feb '93 620 639,000 584,000 584,000 1.90
Mar '93 1,280 414,000 401,000 985,000 0.63
Apr '93 4,152 457,155 442,000 1,427,000 0.22
May '93 4,354 728,956 701,000 2,128,000 0.33
Jun '93 4,838 659,225 630,000	 , 2,758,000 0.26
Jul '93 4,491 1,659,220 1,257,000	 , 4,015,000 0.57
Aug '93 4,567 2,297,084 1,741,000 5,756,000 0.77
Sep '93 4,864 1,806,991 1,748,000 7,504,000 0.72
Oct '93 5,667 2,185,003 2,083,000 9,587,000 0.74
Nov '93 5,735 2,354,694 2,264,000 11,851,000 0.80
Dec '93 6,111 2,915,309 2,781,000 14,632,000 0.92
,
- -
.
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Table A6: Residential Project No. 62 - Productivity data for overall completed floor
Residential Project Ref: 
	
BD/6/12 	 Contract Sum: $  21.52 mil. 	 Floor area:  47,835  m2
Monitoring Period: 
	 21 mths 	 Contract Period: 	 24 months (from February 1991)
( 1 ) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
May '91 4,153 143,313 391,000 1,217,000
June '91 4,162 130,247 349,000 1,566,000
Jul '91 4,316 585,367 506,000 2,072,000
Aug '91 4,995 606,575 508,000, 2,580,000
Sep '91
,
5,423 1,064,424 973,000 3,553,000
Oct '91 5,455 ,	 na 1,028,000 4,581,000
Nov 191 ,	 5,595 na 1,202,000 5,783,000
Dec '91 5,541 na 1,345,000 7,128,000
Jan '92 6,173 na 1,398,000 8,526,000
Feb '92 4,443 na 765,000 9,291,000
Mar '92 6,068 na 1,139,000 10,430,000
Apr '92 5,836 1,243,004 1,214,000 11,644,000 0.46
May '92 5,101 1,028,510 933,000 12,577,000 0.41
Jun '92 3,820
,
1,361,008 1,249,000 13,826,000 0.73
Jul '92 3,598 1,077,376 962,000 14,788,000 0.59
Aug '92 3,523 1,145,127 1,060,000 15,848,000 0.67,
Sep '92 3,463
,
1,146,242 328,000 16,176 000 0.21
Oct '92 3,400 1,711,595 937,000 17,113,000 0.61
Nov '92 3,262 1,469,304 644,000 '	 17,757,000 0.44
Dec '92 3,118 1,564,121
,
596,000 18,353,000 0.42
i
Jan '93 3,019 1,439,519 425,000 18,778,000 0.31
II une 1996
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Table A7: Residential Project No. B3 - Productivity data for overall completed floor
Residential Project Ref:: 
	
BM/R/27 	 Contract Sum: $  27.95 mil.  Floor area: 54 343 m2
Monitoring Period:	 23 mths 	 Contract Period: 	 27 months (from February 1992)
Productivity mean:
Standard Deviation:
0.41	 m2/m-d	 Maximum:	 0.69	 m2/m-d
0.15	 m2/m-d	 Minimum:	 0.11	 m2/m-d
( 1 ) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Feb '92 1808 na 644,000 644,000 0.69
Mar '92 3830 na 217,000 861,000 0.11
Apr '92 3873 547,720 507,000 1,368,000 0.25
May '92 4370 773,541 750,000 2,118,000 0.33
Jun '92 4,489 781,715 745,000 2,863,000
i
0.32
Jul '92 4,899 1,168,749 1,092,000 3,955,000 0.43
Aug '92 5,659 1,198,867 1,176,000 5,131,000 0.40
Sep '92 6,190 2,067,835 2,043,000 7,174,000 0.64
Oct '92 6,554 2,156,452 2,025,000 9,199,000 0.60
Nov '92 6,977 2,376,636 2,189,000 11,388,000 0.61
Dec '92 7,077 1,764,227 1,637,000 13,025,000 0.45
Jan 93 5,614 1,432,257 1,285,000 14,310,000 0.45
Feb '93 5,571 1,610,427 1,451,000 15,761,000 0.51
Mar '93 5,892 1,848,848 1,669,000 17,430,000 0.55
Apr '93 5,926 1,418,485 985,000 18,415,000 0.17
May '93 6,287 1,908,220 1,431,000 19,846,000 0.44
Jun '93 5,443 1,788,501 1,239,000 21,085,000 0.44
Jul '93 6,368 1,415,540 937,000 22,022,00 0.29
Aug '93 5,619 1,546,570 1,079,000 23,101,000 0.37
Sep '93 4,403 923,122 448,000 23,549,000 0.20
Oct '93 4,498 1,059,230 545,000 24,094,000 0.24
Nov '93 3,020 1,184,616 590,000 24,684,000 0.38
Dec '93 2,546 1,278,138 656,000 25,340,000 0.50
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Productivity mean:
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0.39	 m2/m-d
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Table A8: Residential Project No. B4 - Productivity data for overall completed floor
Residential Project Ref: 	 CC/5/9 	 Contract Sum: S  44.8 mil.  Floor area:  100,000  m2
Monitoring Period: 	 19 mths 	 Contract Period: 	 22 months (from August 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
(5)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
_
•
r
,
.___	 -
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Table A9: Residential Project No. B5- Productivity data for overall completed floor
Residential Project Ref: CC/6/2 Contract Sum: $	 37 million	 Floor area:	 78,590	 m2
Monitoring Period: 14	 mths Contract Period: 22 months (from November 1992)
Productivity mean: 0.49 m2/m_d Maximum:	 0.74	 m2/m-d
Standard Deviation: 0.19 m2/m-d Minimum:	 0.07	 m2/m-d
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Nov '92 6,812 1,505,778 1,427,000 1,427,000 0.44
Dec '92 7,332 665,485 474,000 1,901,000 0.14
Jan '93 4,272 443,551 142,000 2,043,000 0.07
Feb 193 5,256 1,414,667 1,323,000 3,366,00 0.53
Mar '93 5,720 1,804,028 1,718,000 5,084,000 0.64
Apr '93 9,932 2,586,492 2,492,000 7,576,000 0.53
May '93 10,712 3,766,531 3,339,000 10,915,000 0.66
Jun '93 11,596 2,205,659 1,753,000 12,668,000 0.32
Jul '93 11,502 4,355,117 2,847,000 15,515,000 0.53
Aug '93 10,175 5,155,670 3,317,000 18,832,000 0.69
Sep '93 10,868 3,314,541 2,990,000 21,822,000 0.58
Oct '93 10,788 3,917,306 3,747,000 25,569,000 0.74
Nov '93 9,330 2,071,831 2,520,000 28,089,000 0.57
Dec '93 8,370 2,240,107 1,411,000 29,500,000 0.36
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Fig. A54: Residential Project No. B5:
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Table A10 : Residential Project No. B6 - Productivity data for overall completed floor
Residential Project Ref
Monitoring Period:
.1W/1/25A	 Contract Sum: $ 36,083,000 Floor area: 76,826 m2
13 mths	 Contract Period: 	 30 months (from December 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
689,002
_
309,000
380,002 365,000
• 648,224 639,000
567,148
,
550,000
599,897 576,000
• 1,066,224 1,051,000 •
1,066,716 999,000
I
I
iii S
1,105,483
1
[
1,089,000
I
1,739,019 1,709,000 •
• 1,692,711 1,659,000	 ,
2,290,155 2,256,000 '
2,222,319 2,196,000
2,682,570 2,621,000
_ I
_
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Fig. A56: Residential Project No. B6:
Productivity and monthly manpower
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Correlation between payments certified and manpower
1.2
Productivity mean:
Standard Deviation:
m2/m-d	 Maximum:
m2/m-d	 Minimum:
	
1.05 	 m2/m-d
	
0.28	 m2/m-d
0.61
0.21
Table All :Residential Project No. B7• Productivity data for overall completed floor
Residential Project Ref:
	 JW/2/1	 Contract Sum: $	 31.43 mil.	 Floor area: 64,640	 m2
Monitoring Period:
	 18 mths	 Contract Period:	 23 months (from June 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
(5)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified (5)
Productivity
(m2/m-d) based
on payment
certified
Jul '92 2931 481,206 437,000 995,000
Aug '92 3284
[
700,202 633,000 1,628,000
Sep '92 4,335 906,029 871,000 2,499,000
Oct '92 5,376
1
1,567,340 1,546,000 4,045,0000
Nov '92
,
5,602 1,802,154 1,750,000 5,795,000
Dec '92 6,282 2,596,207 2,345,000 8,140,000
Jan '93 7,239 2,680,420 2,573,000 10,713,000
Feb '93 8,401 2,120,222 2,061,000 12,774,000
Mar '93
1
7,750 1,964,535
I
1,821,000 14,595,000
Apr '93 5,185 2,475,722 2,221,000 16,816,000
May '93 5,231 2,671,556 2,323,000 19,139,000
Jun '93 5,163 2,900,189 2,644,000 21,783,000
Jul '93 4,940 2,515,577 2,094,000 23,877,000
Aug '93
i
4,815 2,016,703 1,496,186 25,373,186
Sep '93 4,790 1,823,445 1,307,000 26,680,186
Oct '93 4,700 1,493,844
,
985,000
1
27,665,186
Nov '93 4720 1,535,123 1,135,000 28,800,186
Dec '93 4,480 1,168,183 614,000 29,414,186
,
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Fig. A63: Residential Project No. B7:
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Fig. A64: Residential Project No. B7:
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Fig. A65: Residential Project No. B7:
Correlation between payments certified and claims
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Fig. A66: Residential Project No. B7:
Correlation between payments certified and manpower
Productivity mean:
Standard Deviation:
m2/m-d	 Maximum: 	 0.68 	 m2/m-d
m2/inA	 Minimum:	 0.24	 m2/m-d
0.44
0.14
Table Al 2 : Residential Project No. B8• Productivity data for overall completed floor
Residential Project Ref: 
	
JVV/8/5 	 Contract Sum: $  27.8 million  Floor area:  49,968 m2
Monitoring Period: 	 12 mths 	 Contract Period: 	 25 months (from October 1992) 
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
,
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
I
Jan '93 4,536 957,078 855,000 2,579,000 0.34
Feb '93 4,742 1,350,799 1,283,000 3,862,000 0.49
Mar '93 4,352 1,220,324 1,177,000 5,039,000 0.49
Apr '93 10,478 1,409,773 1,371,000 6,410,000 0.24
May '93 10,478 1,898,190 1,501,000 8,211,000 0.26
Jun '93 11,310 1,689,927 1,560,000 9,771,000 0.25
Jul '93 6,017 ,	 2,618,706 2,272,000 12,043,000 0.68
Aug '93 6,502 2,269,243 2,131,000 14,174,000 0.59
Sep '93 6,250
,
,	 1,922,838 1,600,000 15,774,000 0.46
Oct '93 5,928 2,083,299 2,014,000 17,788,000 0.61
Nov 1 93 6,168 1,741,383 1,641,000 19,429,000 0.48
Dec '93 ,	 5,544 1,264,049 1,225,000 20,654,000 0.40
n
—
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Fig. A67: Residential Project No. B8:
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Fig. A70: Residential Project No. B8:
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Table Al 3: Residential Project No. 89 - Productivity data for overall completed floor
Residential Project Ref: 	 PR/1/4 	 Contract Sum: $  29,500,000  Floor area:  55,329  m2
Monitoring Period: 	 19 mths 	 Contract Period: 	 201/2 months (from February 1992) 
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Apr '92 4800 464,474 448,000	 1,838,000 0.181
May '92 6075 410,560 nil	 1,838,000 -
Jun '92 6480 1,450,120 1,030,000	 2,868,000 0.298
Jul '92 6820
1
1,276,151 1,042,000	 3,910,000 0.287
Aug '92 6049 1,740,030 1,450,000	 5,360,000 0.450
Sep '92 6082 1,971,650 1,162,000	 6,522,000 0.358
Oct '92 6762 2,060,070 1,461,000	 7,983,000 0.405
Nov '92 6681 2,843,130 2,444,000	 10,427,000 0.686
Dec '92 7602 2,561,595 1,977,000	 12,404,000 0.488
Jan '93 6860 2,556,399 1,999,000	 14,403,000 0.55
Feb 193 7896 2,858,032 2,081,000	 16,484,000 0.49
Mar '93 8468 2,759,092 2,058,000	 18,542,000 0.46
Apr '93 6580 2,376,913 1,516,000	 20,103,000 0.45
May '93 6132 2,470,909 1,623,000	 21,726,000 0.50
Jun '93 5475 2,966,089 1,666,000	 23,392,000 0.57
Jul '93 3078 2,079,474 1,397,000	 24,789,000 0.85
Aug '93 2736 1,580,489 676,000	 25,465,000 0.46
Sep '93 2938 2,362,880 1,419,000	 26,884,000 0.91
Oct '93 2574 1,591,018 937,000	 27,821,000 0.68
Nov '93 1550 1,201,650 477,000	 28298000 0.58 1
71,000	 28,,,369,000
—,
0.20
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Fig. A76: Residential Project No. B9:
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Fig. A77: Residential Project No. B9:
Correlation between payments certified and claims
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Table A14 : Residential Project No. B10 - Productivity data for overall completed floor
Residential Project Ref:
	 PR/2/6	 Contract Sum: $ 30.9 million Floor area: 74,552 m2
Monitoring Period:	 18 mths	 Contract Period:	 181/2 months (from August 1991)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Apr '92 6,505 1,749,458 1,485,000 7,713.000 0.55
May'92 6,505 2,492,425 2,282,000 9,995,000 0.85
Jun'92 6,505 2,271,791 2,002,000 11,997,000 0.74
Jul'92 4,443 2,259,559 1,960,000 13,957,000 1.06
Aug'92 3,073 2,694,303 2,333,000 16,290,000 1.83
Sep'92 4,835 3,060,563 2,180,000 18,470,000 1.09
Oct'92 3,680 2,225,439 1,368,000 19,838,000 0.90
Nov'92 3,566 2,601,380 1,685,000 21,523,000 1.14
Dec'92 3,050 2,312,523 1,414,000 22,937,000 1.12
Jan '93 1,806 2,895,318 1,926,000 24,899,000 2.62
Feb '93 1,701 1,856,378 973,000 25,872,000 1.38
Mar '93 1,757 2,122,770 1,215,000 27,087,000 1.67
Apr '93 7,170 1,823,365 917,000 28,004,000 0.31
May '93 7,170 2,043,962 967,000 28,971,000 0.33
Jun '93 7,120 1,122,164 169,000 29,140,000 0.06
Jul '93 1,377 950,326 156,000 29,296,000 0.27
Aug '93 1,066 1,451,056 409,000 29,705,000 0.93
Sep '93 1,014 1,111,095 60,000 29,765,000 0.14
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Monthly payment certified and monthly manpower
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Fig. A83: Residential Project No. B10:
Correlation between payments certified and claims
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Table Al 5 : Residential Project No. B11 - Productivity data for overall completed floor
Residential Project Ref: PR/2/7 Contract Sum: $	 25.01 mil. Floor area: 56,592	 m2
Monitoring Period: 14 mths Contract Period: 191/2 months
Productivity mean: 0.76 m2/m_d	 Maximum: 1.11 m2/m-d
Standard Deviation: 0.23 m2/m-d	 Minimum: 0.38 m2/m-d
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
• 5,054 1,473,474 1,351,000 0.60
5,054 2,510,214 2,460,000 1.10
5,114 2,184,810 2,114,000 0.94
3,676 1,856,068 1,692,000 1.04
3,410
,
1,768,193 1,269,000 a	 a 0.84
4,004 2,408,420 1,561,000 Os	 055 0.88
1
3,175 2,149,907 871,000 sos 0.62
2,690 1,946,828 1,018,000 0.86
2,460
,
2,038,898 1,203,000 1.11
3,718 1,937,219 960,000	 I, a	 sos 0.58
4,648 1,962,123 ,	 1,017,000 0.50
, 3,564 1,452,435 .727,000 0.46
2,995 1,698,983 942,000 iii 0.71
3,025 1,255,966 509,000 • 0.38
—
11 June 1994
dlecres2(productvYjam:pr-n2c7.doc
PR/2/7
3
2.5
0.5
0
Ap '92 May '92 Jun '92 Jul '92 Aug '92 Sep '92 Oct '92 Nov '92 Dec '92 Jan '93 Feb '93 Ma '93 Apr '93 May '93
Productivity Monthly payment certified
Fig. A85: Residential Project No. B11:
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Table A16 : Residential Project No. B12 .
 Productivity data for overall completed floor
Residential Project Ref: 
	
PR/2/7A 	 Contract Sum: $	 24.539	 Floor area: 52,291  m2
Monitoring Period: 	 18 mths 	 Contract Period: 	 19 months (from November 1991)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
(5)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Apr '92 4,919 534,760 498,000 2,314,000 0.22
May'92 4,919 1,442,041 1,332,000 3,646,000 0.58
Jun'92 4,919 1,644,598 1,552,000 5,198,000 0.67
Jul'92 4,973 n.a. 2,838,000 8,036,000 1.22
Aug'92 3,365 2,391,145 2,118,000 10,154,000 1.34
Sep'92 4,633 n.a. 1,929,000 12,083,000 0.89
Oct'92 4,518 1,496,678 1,449,000 13,532,000 0.68
Nov'92 4,831 1,381,487 1,365,000 14,917,000 0.61
Dec'92 4,791 1,892,647 1,809,000 16,726,000 0.81
Jan '93 4,160 1,073,244 841,000 17,567,000 0.43
Feb '93 3650 1,194,648 924,000 18,491,000 0.54
Mar '93 4262 1,635,103 1,379,000 19,870,000 0.69
Apr '93 2924 1,526,685 1,255,000 21,125,000 0.92
May '93 2944 1,149,747 700,000 21,985,000 0.51
Jun '93 2130 1,261,964 274,000 22,259,000 0.27
Jul '93 1566 836,283 584,000 22,843,000 0.80
Aug '93 1196 898,385 347,000 23,427,000 0.62
Sep '93 494 656,674 119,000 23,774,000 0.51
I
11 June 1994
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Productivity mean:
Standard Deviation:
m2/m-d	 Maximum:
m2/m-d	 Minimum:
1.12
0.16
	 2/in_d
0.51
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Table Al 7 : Residential Project No. B13 - Productivity data for overall completed floor
Residential Project Ref: 	 PR/5/12 	 Contract Sum: $  41,652,000  Floor area: 99,675 m2
Monitoring Period: 22 mths	 Contract Period: 	 22 months (from April 1992)
( 1 ) (2) (3) (4) (5) (6)
Month
8c Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
May'92 5,538 1,348,867 1,086,000 1,086,000 0.47
Jun'92 4,602 774,730 746,000 1,832,000 0.39
Jul'92 5,252 495,385 357,000 2,189,000 0.16
Aug'92 4,368 1,097,897 1,006,000 3,195,000 0.55
Sep'92 5,434 1,241,545 1,065,000 4,260,000 0.47
Oct'92 7,436 1,705,112 1,647,000 5,907,000 0.53
Nov'92 7,852 2,611,403 2,535,000 8,442,000 0.77
Dec'92 9,230 3,027,823 2,757,000 11,199,000 0.71
Jan '93 11,908 2,646,917 2,499,000 13,698,000 0.50
Feb '93 10,530 2,895,700 2,775,000 16,473,000 0.63
Mar '93 12,766 2,911,686 2,043,000 18,516,000 0.38
Apr '93 11,492 3,517,379 2,410,000 20,926,000 0.50
May '93 12,194 1,497,363 2,110,000 23,036,000 0.41
Jun '93 12,116 1,309,068 1,349,000 24,385,000 0.27
Jul '93 8,060 3,410,358 3 ,758,000 i	 28,143,000 1.12
Aug '93 8,502 2,151,662 1,809,000 29,952,000 0.51
Sep '93 8,346 1,560,655 1,672,000 31,624,000 0.48
Oct '93 6,786 1,358,333 1,472,000 33,096,000 0.52
Nov '93 5,590 1,406,330 1,226,000 34,322,000 0.53
Dec'93 7,514 2,021,033 1,428,000 35,750,000 0.46
Jan'94 6,474 2,393,076 1,511,000 37,261,000 0.56
Feb '94 4,654# 937,197a 555,000 37,816,000# 0.29
11 lune 1994
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Productivity mean:
Standard Deviation:
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Table Al 8 : Residential Project No. B14 - Productivity data for overall completed floor
Residential Project Ref: 	 PR/7/7	 Contract Sum: $ 44.69 mil. 	 Floor area: 95,007 m2
Monitoring Period:
	
11 mths 	 Contract Period:	 27 months (from January 1993)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Feb '93 2,062 774,615 688,000 688,000 0.71
Mar'93 3,562 534,276 507,000 1,195,000 0.30
Apr'93 7,679 742,367 725,000 1,920,000 0.20
May'93 8,185 768,470 728,000 2,648,000 0.19
Jun'93 7,947
,
1,182,152 1,090,000 3,738,000 0.29
Jul'93 9,225 2,023,942 1,911,000 5,649,000 0.44
Aug'93 9,185 2,742,938 2,443,000 8,092,000 0.57
Sep'93 10,709 3,000,396 2,582,000 10,674,000 0.51
Oct'93 11,467 3,000,397 3,081,000 13,755,000 0.57
Nov '93 11,742 3,391,352 2,561,000 16,316,000 0.46
Dec '93 12,945 2,760,233 3,042,000 19,358,000 0.50
1 .
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Table A19 :Residential Project No. 815 .
 Productivity data for overall completed floor
Residential Project Ref: 
	
TP/3/7 	 Contract Sum: $  34.667 mil. 	 Floor area: 67,000  m2
Monitoring Period:
	
16 mths	 Contract Period: 	 22 months (from June 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Sep 92 5270
_
1,831,000
-
0.67
Oct 92 5688 1,712,067 1,628,000 4,780,000 0.55
Nov '92 6723 2,263,269 2,188,000 6,963,000 0.63
Dec 92 6433 2,342,622 2,240,000 9,208,000 0.67
Jan '93 5013 3,220,945 2,767,000 11,975,000 1.07
Feb '93 7211 3,731,135 3,523,000 15,498,000 0.94
Mar 93 6784 3,845,946 3,356,000 18,854,000 0.96
Apr 93 9617 3,•8•,486 3,213,000 22,067,000 0.65
May 93 9217 3,428,317 2,877,000 24,944,000 0.60
Jun 93 7042 3,403,998 2,909,000 27,853,000 0.80
Jul 93 6748 4,025,235 3,727,000 31,580,000 1.07
Aug 93 4918 2,025,994 1,641,000 33,221,000 0.64
Sep 93 3995 1,015,880 780,000 34,001,000 0.38.
Oct '93 569 395,574 178,000 34,179,000 0.60
Nov 93 569 387,866 122,000 34,301,000 0.41
Dec '93 475 364,236 135,000 34,436,000 0.55
Mune 1994
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Table A20 : Residential Project No. B16 Productivity data for overall completed floor
Residential Project Ref:: 	 YS/3/4 	 Contract Sum: $ 	 28.9 mil. 	 Floor area: 64,046  m2
Monitoring Period:
	 15 mths 	 Contract Period: 	 22 months (from February 1992) 
Productivity mean:	 0.48	
 m2/m-d	 Maximum: 	 0.77 	 m2/m-d
Standard Deviation:	 0.16	 m2/m-d	 Minimum:	 0.15	 mzim_d
( 1 ) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
°certified ($)
Productivity
(m2/m-d) based on
payment certified
6,006 1,563,933 1,361,000 5,285,000 0.50
5,661 1,506,587 1,352,000 6,637,000 0.53
6,206 2,074,085 1,825,000 8,462,000 0.65
5,202 1,879,006 1,637,000 10,099,000 0.70
6,430 2,655,460 i	 2,246,000 12,345,000 0.77
8,066 1,897,790 1,490,000 13,835,000 0.41
• 7,826 1,891,981 1,245,000
,
15,080,000 0.35
• 7,871
	 i 2,195,954 1,443,000 16,523,000 0.41
• 7,895 1,632,862 330,000 ,	 17,053,000
,
0.15
8,010 2,110,722 1,038,000 18,091,000 0.29
7,675
,
1,995,208 1,273,000 19,364,000 0.37
' 8,085 2,798,049 2,158,000 i	 21,522,000 0.59
• 7,820 2,468,079 1,700,000 23,222,000 0.48
• 5,670 1,945,244 i	 1,391,000 24,613,000 0.54
4,658
,
1,470,952 889,000 25,502,000 0.42
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Productivity mean: 	 0.34 	 m2/m-d	 Maximum:
Standard Deviation:	 0.14	 m2/m-d	 Minimum:
0.58	 m2/m-d
0.14	 m2/m-d
Table A21 : Commercial Project No. Cl - Productivity data for overall completed floor
Commercial Project No:
Monitoring Period:
JT8	 Contract Sum: $ 73 million Floor area: 46,259 m2
13 mths	 Contract Period: 	 16 months (from August 1992)
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Oct '92 i 1,624
Nov '92 i	 2,940
Dec '92 4,200
I1
Jan '93 3,567
Feb '93 4,308
Mar '93 7,069
Apr '93 11,254
May '93 11,132
Jun '93 11,266
Jul '93 8,077
Aug '93	 i 7,629
Sep '93 6,704
Oct '93 4,920
9 June 1994
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Table A22 :Commercial Project No. C2 - Productivity data for overall completed floor
Commercial Project Ref: 	 ODR 	 Contract Sum: $  65.85 mil.  Floor area:  50,000 m2
Monitoring Period: 	 12 mths 	 Contract Period: 	 24 months (from October 1992)
Productivity mean: 	 0.25
Standard Deviation:	 0.14
m2/m-d	 Maximum: 	 0.62 	 m2/m-d
m2/m_d	 Minimum:	 0.12	 m2/m-d
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
(8)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Apr '93 3,828 1,392,752 907,076 3,035,192 0.18
May'93 3,794 1,491,671 890,472 3,925.644 0.18
Jun193 3,971 1,555,139 882,336 4,808,000 0.17
Jul'93 5,619 1,596,506 910,425 5,718,426 0.12
Aug'93 5,623 1,947,690 1,044,113 6,762,540 0.14
Sep'93 5,391 2,489,304 1,581,956 8,344,496 0.22
Oct'93 6,057 2,541,352 1,404,913 9,749,409 0.18
Nov'93 5,454 3,343,623 2,130,399 11,879,808 0.30
Dec'93 6,260 2,195,502 1,999,989 13,879,797 0.24
Jan '94 5,644 3,805,059 1,865,947 15,745,744 0.25
Feb '94 4,256 5,482,249 2,521,011 18,266,755 0.45
Mar '94 4,880 7,054,240 4,008,127 22,274,882 0.62
I
— —
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Table A23 :Commercial Project No. C3 - Productivity data for overall completed floor
Commercial Project Ref: RSR Contract Sum: $
	 71.238 mil. Floor area: 46,184
	 m2
Monitoring Period: 15 mths Contract Period: 24 months
Productivity mean: 0.32 m2/m-d	 Maximum: 0.48 m2/m-d
Standard Deviation: 0.12 m2/m_d	 Minimum: 0.08 m2/m-d
(1) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
(5)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Jan '92 9,854 2,446,462 14,938,500 0.161
Feb 10,712 1,376,000 16,314,500 0.083
Mar 11,934 4,300,000 20,614,500 0.234
Apr 10,932 5,732,000 3,225,880 23,840,380 0.191
May
i
10,862 5,590,400
1
3,737,720 27,578,100
,
0.223
Jun 10,862 5,779,400 4,778,200 32,356,300 0.285
Jul 6,690 6,001,138 4,940,858 37,297,158 0.479
Aug 5,670 5,119,980 3,447,315 40,744,473 0.394
Sep 5,130 4,932,295 3,467,742 44,212,215 0.438
Oct 6,162 5,584,277 3,780,532 47,992,747 0.398
Nov 6,370 5,295,842 3,589,050 51,581,797 0.365
Dec 6,096 6,459,313 4,468,575 56,050,372 0.475
Jan '93 5,278 5,826,819 3,441,179 59,491,551 0.423
Feb 4,550 6,611,701 2,026,906 61,518,457 0.289
Mar 3,978 7,746,661 2,321,894 63,840,351 0.378
,
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Table A24 :Commercial Project No. C4 - Productivity data for overall completed floor
Commercial Project Ref: 	 SV2 	 Contract Sum: $  110.8 mil. 	 Floor area:	 43,083  m2
Monitoring Period:	 20 mths 	 Contract Period: 	 30 months (from November 1990) 
Productivity mean: 	 0.23
Standard Deviation: 	 0.16
m2/m-d	 Maximum:
m2/m-d	 Minimum:
0.71	 m2/m-d
0.06	 m2/m-d
( 1 ) (2) (3) (4) (5) (6)
Month
& Year
Total
monthly
manpower
(man-day)
Monthly
progress
claim
($)
Monthly
progress
payment
certified ($)
Cumulative
progress
payment
certified ($)
Productivity
(m2/m-d) based
on payment
certified
Jan '92 2,106 5,199,143 3,840,245 17,324,042 0.71
Feb '92 2,238 4,769,074 3,373,161 20,697,203 0.59
Mar '92 3,146 3,331,451 2,338,801 23,036,004 0.29
Apr '92 3,197 3,122,527 2,450,399 25,486,403 0.30
May '92 3,920 2,913,677 1,796,678 27,283,081 0.18
Jun '92 4,633 3,248,882 1,987,793 29,270,874 0.17
Jul '92 7,758 5,187,161 2,552,231 31,823,105 0.13
Aug '92 8,552 8,126,658 5,431,961 37,253,066 0.25
Sep '92 9,651 7,813,245 3,452,725 40,707,791 0.14
Oct '92 10,563 9,554,363 3,585,117 44,292,908 0.13
Nov '92 10,919 9,679,272 1,658,269 45,951,177 0.06
Dec '92 12,802 15,908,255 9,790,060 55,741,237 0.30
Jan '93 8,274 12,966,685 8,037,329 63,778,566 0.38
Feb '93 11,577 11,009,702 5,714,587 69,493,153 0.19
Mar '93 13,767 11,041,541 4,212,691 73,705,844 0.12
Apr '93 11,776 12,488,133 5,428,998 79,134,842 0.18
May '93 10,267 11,043,956 4,141,876 83,276,718 0.16
Jun '93 11,041 8,317,311 2,753,660 86,030,378 0.10
Jul '93 10,318 7,734,037 2,938,152 88,968,530 0.11
Aug '93 8,814 6,089,407 1,691,194 90,659,724 0.07
ks
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Table A25 : Commercial Project No. C5- Productivity data for overall completed floor
Commecial Project Ref: DB2 Contract Sum: $	 170 million	 Floor area:	 81,584	 m2
Monitoring Period: 24 mths Contract Period: 47 months including basement
(as from March 1990)
Productivity mean: 0.14 m2/m-d Maximum:	 0.30	 m2/m-d
Standard Deviation: 0.06 m2/m-d Minimum:	 0.07	 m2/m-d
(1) (2) (3) (4)
Month &
Year
Total monthly
manpower (man-day)
Monthly progress
payment certified ($)
Productivity (m2/m-d) based
on payment certified
Jul '91 4,413	 • 2,446,649 0.27
Aug '91 4,888 2,192,564 0.21
Sep '91 5,118 3,269,651 0.30
Oct '91 4,535 1,181,256 0.12
Nov '91 6,322 2,512,251 0.19
Dec '91 7,812 1,861,004 0.11
Jan '92 6,643 1,325,335 0.10
Feb '92 6,012 1,422,720 0.11
Mar '92 10,482 1,688,729 0.08
Apr '92 9,459 2,093,031 0.11
May '92 10,063 1,640,957 0.08
Jun '92 11,549 1,589,713 0.07
Jul '92 16,581 2,706,188 0.08
Aug '92 21,204 3,091,993 0.07
Sep '92 22,554 3,921,683 0.08
Oct '92 22,218 8,648,808 0.19
Nov '92 24,182 5,501,880 0.11
Dec '92 24,728 6,291,464 0.12
Jan '93 19,622 6,549,724 0.16
Feb '93 22,613 7,582,668 0.16
Mar '93 27,819 7,037,700 0.12
Apr '93 24,403 5,835,638 0.12
May '93 24,292 8,865,815 0.18
Jun '93 18,426 8,960,251
...	 —
0.23
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Table A49: Frequency distribution of productivity values for private residential
projects (Total: 4 projects)
Productivity
values (m2/m-d) Frequency
Productivity
values less than
(m2/m-d)
Cumulative
frequency
Percent
cumulative
frequency
0.0 - 0.09 11 0.1 11 21.6%
0.1 - 0.19 15 0.2 26 50.1%
0.2 - 0.29 13 0.3 39 76.5%
0.3 - 0.39 8 0.4 47 92.2%
0.4 - 0.49 1 0.5 48 94.1%
0.5 - 0.59 0 0.6 48 94.1%
0.6 - 0.69 1 0.7 49 96.1%
0.7 - 0.79 0 0.8 49 96.1%
0.8 - 0.89 1 0.9 50 98.0%
1.4 - 1.49 1 1.5 51 100%
Project Number & Reference: Al - Sill
A2 - GW
A3 - RAI
A4 - RP
NOTE:
The above table is used to plot
(i) the productivity histogram, as shown in Fig. 7.4, and
(ii) the "less-than" ogive of distribution of productivity values, as shown in Fig. 7.7
Table A50: Frequency distribution of productivity values for public residential
projects (Total: 16 projects)
Productivity
values (m2/m-d) Frequency
Productivity
values less than
(m2/m-d)
Cumulative
frequency
Percent
cumulative
frequency
0.0 - 0.09 2 0.1 2 0.8%
0.1 - 0.19 8 0.2 10 3.8%
0.2 -0.29 26 0.3 36 13.7%
0.3 -0.39 24 0.4 60 22.8%
0.4 - 0.49 55 0.5 115 43.7%
0.5 - 0.59 49 0.6 164 62.4%
0.6 - 0.69 32 0.7 196 74.5%
0.7 - 0.79 14 0.8 210 79.8%
0.8 - 0.89
,
13 0.9 223 84.8%
0.9 - 0.99 8 1.0 231 87.8%
1.0 - 1.09 9 1.1 240 91.3%
1.1 - 1.19 7 1.2 247 93.9%
1.2- 1.29 3 1.3 250 95.1%
1.3 - 1.39 3 1.4 253 96.2%
1.4 - 1.49 0 1.5 253 96.2%
1.5 - 1.59 1 1.6 254 96.6%
1.6- 1.69 2 1.7 256 97.3%
1.7 - 1.79 1 1.8 257 97.7%
1.8 - 1.89 3 1.9 260 98.8%
1.9 - 1.99 3 2.0 263 100%
NOTE:
The above table is used to plot
(i) the productivity histogram, as shown in Fig. 7.5, and
(ii) the "less-than" ogive of distribution of productivity values, as shown in Fig. 7.8
Table A51: Frequency distribution of productivity values for commercial
projects (Total: 5 projects)
Productivity
values (m2/m-d) Frequency
Productivity
values less than
(m2/m-d)
Cumulative
frequency
Percent
cumulative
frequency
0.0 - 0.09 9 0.1 9 10.7%
0.1 -0.19 35 0.2 44 52.4%
0.2 - 0.29 15 0.3 59 70.2%
0.3 - 0.39 11 0.4 70 83.3%
0.4 - 0.49 8 0.5 78 92.9%
0.5 - 0.59 4 0.6 82 97.6%
0.6 - 0.69 1 0.7 83 .	 98.8%
0.7 - 0.79 1 0.8 84 100%
Project Number & Reference: CI - JT8
C2 - ODR
C3 - RSR
C4 - SV2
C5 - DB2
NOTE:
The above table is used to plot
(0 the productivity histogram, as shown in Fig. 7.6, and
(ii) the "less-than" ogive of distribution of productivity values, as shown in Fig. 7.9
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APPENDIX B
Name of Respondent: 	
Designation:
Company:
Tel: 	  Fax: 	
B- 1
SURVEY
ON
CONSTRUCTION PRODUCTIVITY
1.	 This survey form is to be completed by the senior management of selected contractors
in the Civil Engineering and Building disciplines.
2.	 The objectives of this professional opinion survey are as follows:
(i) to identify factors that improve construction productivity
(ii) to identify and study issues that impede construction productivity
3.	 Your assistance in completing this questionnaire will certainly help to provide useful
data representative of professional opinion in the construction industry.
4. The survey is for research purposes only and input from individual companies will
be confidential. The results of the survey will be used without disclosing the contents
of individual respondents.
5.	 If you need any clarification, please do not hesitate to contact:
Mr E. C. Lim
Nanyang Technological University
Tel. : 799 - 4912
6.	 Please mail the completed questionnaire in the self-addressed stamped envelope, by
30 November 1992 to:
Mr E. C. Lim
NTU-CIDB Centre for Advanced Construction Studies
cio School of Civil and Structural Engineering
Nanyang Technological University
Nanyang Avenue
Singapore 2263
PART I
FACTORS IMPORTANT IN PROMOTING
CONSTRUCTION PRODUCTIVITY
Please indicate (by circling) in a scale of 1 to 5, the following factors that you consider
as being important in promoting construction productivity.
L ATTRIBUTES OF MANAGERS
AND SUPERVISORS
1.1 Teamwork
1.2 Communication skills
1.3 Initiative
1.4 Motivation
1.5 Commitment to company goals
1.6 Experience / knowledge / skills
1.7 Sense of responsibility
1.8 Ability to play bridging role between
management and workers
1.9 Ability to train new employees
1.10 Others (please specify)
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5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
3. HEAD OFFICE/ SITE OFFICE
COLLABORATION
3.1 Efficient communication between head
office and site office
3.2 Timely recruitment of site personnel
3.3 Prompt payment of site staff salaries
3.4 Prompt despatch to the site of changes in
instructions/drawing amendments
2. WORK ATTITUDES OF
SITE WORKERS
2.1 Good habits and work practices
2.2 Sense of responsibility
2.3 Pride and interest in work
2.4 Willingness to improve work attitudes
2.5 Co-operation with management
2.6 Willingness to perform overtime/shift work
2.7 Initiative
2.8 Motivation
2.9 Others (please specify):
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4. GUIDANCE FROM CONSULTANTS
4.1 Timely issue of drawings by consultants
4.2 Availability of detailed drawings
4.3 Availability of precise technical specifications
4.4 Availability of consultant's site staff to check
work progress
4.5 Availability of consultant's site staff to clarify
drawings/site instructions
4.6 Overall co-operation of consultant's site staff
4.7 Others (please specify):
3.5 Ample support from head office management
3.6 Prompt payment to sub-contractors/suppliers
3.7 Others (please specify):
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5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5 4 3 2 1
5. COLLABORATION WITH SUB-
CONTRACTORS AND SUPPLIERS
5.1 Co-operation from sub-contractors
5.2 Co-operation from suppliers
5.3 Good long-lasting rapport with
suppliers
5.4 Efficient service by external maintenance /
repair personnel
5.5 Others (please specify):
6. SITE FACILITIES / OPERATIONS
6.1 Availability of on-site clerical staff
6.2 Availability of telephone extensions / fax
machines / photocopiers
6.3 Availability of computers on site
6.4 Sufficient floor area in site office
6.5 Availability of washrooms/toilets/vehicle
wash areas
6.6 Sufficient canteen area/food vendors on site
6.7 Availability of accommodation for foreign
workers
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6.8 Availability of transportation for workers
to and from site
6.9 Issuing correct site instructions to workers
6.10 Maintenance of proper records
6.11 Others (please specify):
7. MATERIALS PROCUREMENT
7.1 Timely delivery of materials to site
7.2 Sufficient storage space for incoming materials
7.3 Materials delivered in good condition
7.4 Sufficient stock of materials on site
7.5 Loading/unloading facilities on site
7.6 Others (please specify):
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8. CONSTRUCTION EQUIPMENT
8.1 Availability/reliability of tower cranes
8.2 Availability/reliability of workers' lifts
8.3 Availability/reliability of concrete pumps
8.4 Availability/reliability of other equipment
(e.g. mobile cranes, excavators, dump trucks)
8.5 Regular maintenance of plant and equipment
8.6 Fast and efficient repair of plant and equipment
8.7 Others (please specify):
9. PREFABRICATION
9.1 Preassembly of reinforcement (pre-assembled
in cages off-site)
9.2 Formwork prebbricat,,d off-site
9.3 Use of precast concrete elements
9.4 Others (please specify):
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10. SITE SAFETY / SECURITY
10.1 Adequate site security arrangements
10.2 Adequate lighting facilities for night work
10.3 Adequate safety notices on site
10.4 Sufficient stock of safety items
10.5 Deployment of security officers/safety officers
10.6 Good housekeeping
10.7 Others (please specify):
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****** End of Part I ******
1. Communication problems with foreign workers
2. Difficulty in recruitment of supervisors
3. Difficulty in recruitment of workers
4. High rate of labour turnover
5. Absenteeism at the worksite
6. Alcoholism and similar type problems among
workforce
7. Labour disruptions
8. Health issues (e.g. mosquito breeding)
9. Procurement problems
10. Disruption of power / water supply
11. Inclement weather (requiring work stoppage of
one day or more)
12. Stop-work order due to accidents on site
13. Stop-work order due to infringement of
government regulations
14. Work stoppages (for one day or more) due to
disputes with owners / consultants
15. Stoppages due to rejection of work by consultants
16. Work stoppages due to delays in material
delivery to site
17. Work stoppages due to insolvency of sub-
contractors / suppliers
18. Others (please specify):
PART H
FACTORS AFFECTING CONSTRUCTION PRODUCTIVITY
Has your company encountered the
following problems at construction sites?
i
>
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Zs
5432 1 0
5432 1 0
5432 1 0
5432
 1 0
5432 1 0
5432
 1 0
5432 1 0
5432
 1 0
5432 1 0
5432 1 0
5432 1 0
5432
 1 0
5432
 1 0
5432 1 0
5432 1 0
5432 1 0
5432 1 0
5432 1 0
COMMENTS
If you have any additional conunents that would help us further understand the issues
of CONSTRUCTION PRODUCTIVITY, please write these below:
Thank you very much for your kind co-operation
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